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FORAMINIFERAL ASSEMBLAGES AS BIOINDICATORS OF POTENTIALLY 
TOXIC ELEMENTS IN BISCAYNE BAY, FLORIDA 
Elizabeth Carnahan 
ABSTRACT 
Heavy-metal pollution is an issue of concern in estuaries such as Biscayne Bay 
that are heavily influenced by agricultural, urban, and harbor activities.  The goals of this 
study were to provide a “state of the bay” assessment that can be used to interpret 
changes that have occurred over the past 60 years in Biscayne Bay, to provide a baseline 
to compare changes in the ecosystems during and after execution of the Comprehensive 
Everglades Restorations Plan (CERP), and to determine if benthic foraminiferal 
assemblages in Biscayne Bay reflect heavy-metal contamination in sediments.   
Surficial samples were collected at 147 sites throughout the bay.  Analyses 
included geochemical assessment of the mud fraction for 32 chemical parameters, grain-
size analysis, and assessment of foraminiferal assemblages at the genus level. 
            Geochemical analyses revealed elevated concentrations of a suite of heavy metals 
in the sediments of the northern bay, between Miami and Key Biscayne, and the 
periphery of the southern bay from Black Creek Canal south to Turkey Point.   
Cluster analysis, multi-dimensional scaling, and multivariate-correlation analyses 
revealed three distinct foraminiferal assemblages.  One assemblage, characteristic of the 
northern bay, was defined by stress-tolerant taxa including Ammonia, Cribroelphidium, 
Nonion, and Haynesina, which were present in low abundances.  Distribution of this 
assemblage correlated with the most elevated concentrations of heavy metals.  The 
assemblage that defined the southwestern margin of the bay was dominated by Ammonia 
 vii
and Quinqueloculina.  This assemblage is characterized by the lowest diversities and 
highest abundances, and is likely influenced by both reduced salinity and elevated 
organic-carbon concentrations. A diverse assemblage of smaller miliolids and rotaliids 
characterized the open-bay assemblage.  This is the only assemblage with a significant 
component (~10%) of symbiont-bearing foraminifers.  In the past 60 years, populations 
of symbiont-bearing taxa, particularly Archaias and Sorites, which are indicators of 
normal, marine conditions, have decreased in Biscayne Bay, while populations of stress-
tolerant taxa have increased.  
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1.  INTRODUCTION 
 
Biscayne Bay, Florida 
As the number of people inhabiting the world’s coastlines continues to rise, 
coastal ecosystems are increasingly threatened by anthropogenic impacts.  The 
population of Florida has grown exponentially from 2 million residents in 1940 to nearly 
16 million residents in the year 2000.  In the past decade, the largest increases occurred in 
counties located in southeast Florida.  The Southeast Florida Metropolitan Statistical 
Area is the 13th most densely settled in the United States.  Between 1990 and 2000, 
populations in Palm Beach, Broward, and Dade counties increased by 31%, 29%, and 
16%, respectively  (Office of Urban Planning and Development, 2004).    
Biscayne Bay (Fig. 1) is a shallow, subtropical marine estuary in southeast 
Florida, bordered on the west by Miami-Dade County and on the east by two barrier 
islands, five major carbonate keys, and a series of lesser keys (VanArman, 1984).  As 
part of Biscayne National Park, Biscayne Bay is a resource of special interest.   The bay 
is a site of much recreational and commercial activity, including several marinas, a major 
cruise-ship port, and a U.S. Coast Guard port.  
Fresh water enters the estuary from the Miami, Little, and Oleta Rivers, as well as 
through the Biscayne Aquifer and many manmade canals (VanArman, 1984).  During the 
past century, the natural flow of fresh water into Biscayne Bay has been dramatically 
altered by the urbanization of southeast Florida and the drainage of Lake Okeechobee. 
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Figure 1  Map of southeast coast of Florida, including Biscayne Bay, main waterways 
and urbanized areas 
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In the late 1940s, a massive flood-control project was initiated throughout central and 
south Florida (DeGrove, 1984).  By draining 500,000 acres south of Lake Okeechobee 
and diverting freshwater flow for cattle farming, urban development, agricultural, 
industrial and municipal water supplies, the resultant levees and canals irreversibly 
damaged wetlands and associated ecosystems (Douglas, 1978).  The altered hydrology 
has substantially affected salinity and nutrient flux into Biscayne Bay. At the same time, 
urban and agricultural development have resulted in air, land, and water pollution.   
Heavy-Metal Contamination in Estuaries 
The term “heavy metal” has been widely used and inadequately described in 
scientific literature over the past two decades (Duffus, 2002).  The term is often defined 
as metals and metalloids that have been associated with contamination or potential 
toxicity to an environment.  However, there is no authoritative definition of this term in 
the relevant literature (Duffus, 2002).  The International Union of Pure and Applied 
Chemistry recommends a new classification based on the periodic table that reflects an 
understanding of the chemical basis of toxicity (Duffus, 2002).  However, no such 
classification has been accepted at this time.  Therefore, within this document, the term 
“heavy metal” will be used to refer to specific, potentially toxic elements.  
While most heavy metals are biologically essential at very low concentrations, 
they are potentially toxic to estuarine and marine organisms above a threshold (Kennish, 
1992).    At higher concentrations, heavy metals act as enzyme inhibitors and can result in 
the demise of susceptible organisms.  Some heavy metals, such as lead, have no known 
biological function, and may greatly affect biotic communities (Kennish, 1992).    
 4
Heavy metals are some of the most common contaminants bound to estuarine 
sediments.  While many metals are highly toxic in one form, they may be essential in 
another; the bioavailability of metals to marine organisms depends on the physical and 
chemical forms of the metal (Riba et al., 2003).  Metals adsorbed on particulate matter, 
carbonate complexes, and metal complexes with strong chelating agents (EDTA) show 
little or no bioavailability.  Estuaries have gradients in many variables, including salinity, 
pH, dissolved oxygen, temperature, nutrients, and amount and composition of particles.  
According to Riba et al. (2003), in estuaries, salinity is the controlling factor for the 
partitioning of contaminants between sediments and overlying or interstitial waters.  
Fluctuations in pH, redox conditions, and salinity induce changes in heavy-metal 
speciation, and subsequent toxicity and bioavailability (Bourg, 1995). 
Long and Morgan (1990) evaluated the potential for biological effects of 
sediment-sorbed contaminants tested in the National Oceanic and Atmospheric 
Administration's (NOAA) National Status and Trends (NS&T) Program.  Coastal and 
estuarine environments throughout the United States are annually sampled and 
chemically analyzed.  The chemical data indicate relative degrees of contamination 
among the sampling sites, while providing neither a measure of adverse biological effects 
nor an estimate of the potential for adverse effects.  To complete the evaluation: (1) 
current literature was reviewed in which concentrations of chemicals associated with 
adverse biological effects are known; (2) apparent ranges of chemical concentrations 
were determined in which effects are likely to occur, based upon a prevalence of 
evidence; and (3) the NS&T program’s sediment chemical data were evaluated relative to 
these consensus effects ranges.  Data included in the review are sediment-quality values 
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derived from many methods.  The review evaluated data for 11 trace metals, 18 
petroleum hydrocarbons, and 11 synthetic organic compound or classes.  The 11 trace 
metals assessed include: Sb, As, Cd, Cr, Cu, Pb, Hg, Ni, Ag, Sn, and Zn (Long and 
Morgan, 1990). 
Long et al. (1995) assembled sediment-chemistry and biological-effects data from 
numerous marine and estuarine reports to create guidelines for sediment chemistry and 
the associated potential for biological effects.  Effects-range limits (low and medium) 
were established for nine of the 11 previously noted trace elements.  No strong 
relationships were observed between the incidence of effects and the concentrations of 
mercury and nickel.  The numerical guidelines created by Long et al. (1995) are not 
intended to preclude the use of toxicity tests or other measures of biological effects.  
They are useful as informal screening tools in environmental assessments and should be 
accompanied by the information on the incidence of effects, which may prove useful in 
estimating the probability of observing similar adverse effects within the defined 
concentrations ranges of particular contaminants.  
Sources of Heavy Metals  
In natural systems, potentially toxic heavy metals can originate from rocks, ore 
minerals, and volcanoes.  Weathering releases metals during soil formation and transports 
them to surface and/or aquifer waters.  Natural metal loading may be aggravated by 
anthropogenic sources (Siegel, 2002).  Schropp and Windom (1988) noted the necessity 
to understand the geochemical processes that govern the behavior and fate of metals in 
estuaries and marine waters.  Advective transport, mixing, and differential settling of 
sediment-sorbed metals are among the processes responsible for variations in trace-metal 
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composition in different parts of an estuary (Kennish, 1992).  Sources of heavy metals to 
estuaries are primarily (1) freshwater influx, (2) the atmosphere, and (3) anthropogenic 
activity.  Excluding the anthropogenic source, which frequently is locally significant, the 
primary source of these elements in estuaries is fluvial influx.  Anthropogenic inputs are 
derived from a multitude of activities such as smelting operations, ash disposal, sewage-
sludge disposal, dredged-spoil dumping, and the burning of fossil fuels.  Municipal and 
industrial discharges in urbanized/industrialized regions can account for heavy, localized 
contamination in impacted systems (Kennish, 1992).  Other sources of heavy metals to 
coastal-marine environments include effluents from power plants and desalination plants, 
and leaching of fertilizers and pesticides (Brown, 1987).   
The Biological Effects of Heavy Metals  
Potentially toxic metals follow natural pathways and cycles through the 
biosphere.  Terrestrial, fluvial, estuarine, and oceanic life forms can suffer short- or long-
term perturbations if these pathways or cycles are interrupted by natural events or 
impacted by human activities.  Mobilization of suspect metals, resulting in their 
bioavailability and hence access to a food web, can impact the integrity of a web. 
Conversely, immobilization of specific metals can have a negative impact if it causes a 
deficiency of an essential micronutrient within an ecosystem (Siegel, 2002).  
The chemical form of a potentially toxic metal determines its bioavailability to a 
food web.  When a heavy metal enters a food web, organisms can react to its 
bioavailability in different ways.  Some organisms may discriminate against the uptake of 
one or more potentially toxic metals.  Others may incorporate the metal(s) in their soft or 
hard parts in proportion to the concentration(s) in the growth environments, excreting any 
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excess.  Still other organisms may be tolerant of heavy metals and will accumulate 
concentrations greatly in excess amounts in a growth environment without any damage 
(Siegel, 2002). 
Laboratory analyses must be performed to determine the concentrations of heavy 
metals in sediments.  However, these results alone do not offer an effective basis for 
estimating the potential for harmful effects to living resources.  Interpretive tools, such as 
those developed by Long et al. (1995), can relate sediment-chemistry to the potential for 
adverse biological effects.  
The free-metal ionic activity may be more important in producing metal toxicity 
than the total concentration of a metal (Kennish, 1992).  Metal uptake by estuarine 
organisms occurs through diffusion as well as ingestion of food and particulate inorganic 
matter.  The metals can be stored in the skeletal structure, concretions, or intracellular 
matrices of an organism, and excreted in feces, eggs, and molting products.  Organisms 
have additional defense mechanisms; metallothioneins and other heavy metal-binding 
proteins bind metal contaminants within the organism, thereby helping to control heavy-
metal concentrations (Kennish, 1992). 
The Human-Health Implications of Heavy-Metal Pollution 
 Even metals that are biologically essential have the potential to be harmful to 
humans and other living organisms at high levels of exposure (Hu, 2002).  Humans can 
be exposed to metals through inhalation of dust or gaseous particles, or ingestion through 
food and drink.  Once a metal is incorporated, it is distributed to tissues and organs.  
Although excretion typically occurs through the kidneys and digestive tract, metals tend 
to persist in sites like the liver, bones, and kidneys for years or decades.  Individual 
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variability in vulnerability to metal toxicity remains a subject of investigation.  Low-level 
metals exposure likely contributes to chronic disease and impaired functioning  
(Hu, 2002). 
Heavy Metals in Biscayne Bay 
As early as the 1970s, environmental scientists noted chemical pollutants entering 
Biscayne Bay from the Miami River and other canals, altering the chemistry of the 
estuary (Waite, 1976).  In recent years, the concentrations and distributions of potentially 
toxic chemicals in Biscayne Bay and adjoining canals have gained further attention.  
Whereas the geographic scope and objectives of studies have differed, the data have 
provided a relatively consistent picture of chemical contamination in the surficial 
sediments of the bay (Long et al., 1999).   
The South Florida Water Management District (1994) recognized that water and 
sediment-quality degradation were problems in Biscayne Bay.  They identified chronic 
problems with contamination by sewage in portions of Biscayne Bay and identified trace 
metals and numerous other pollutants that had accumulated in the sediments of the 
central bay.   
A lack of bay-wide information on the toxicological condition of the bay 
sediments prompted several agencies to recognize a need for these data and a willingness 
to assist NOAA (Long et al., 1999).  Long et al. (1999) collected 226 surface-sediment 
samples from nine major regions throughout the bay.  The three southernmost zones 
include the entirety of the open bay (Fig. 2).  Sediment chemistry was analyzed and 
laboratory toxicity tests were performed to indicate the potential for ecotoxicological 
effects in sediments. 
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Long et al. (1999) tested sediment samples for toxicity according to (1) amphipod 
(Ampelisca abdita) survival tests, (2) sea-urchin (Arbacia punctulata) fertility and (3) 
embryo-development tests, and (4) microbial bioluminescence (Photobacterium 
phosphoreum) (Microtox™) tests (Fig. 2).  The range of toxicity tests revealed 
differences in severity, incidence, spatial patterns, and spatial extent of toxicity (Fig. 2).  
The most sensitive test, a bioassay of morphological development of sea-urchin embryos, 
indicated pervasive toxicity throughout the entire bay.  The least sensitive test, a bioassay 
performed with a benthic amphipod, indicated that acute toxicity was restricted to a very 
small portion of the bay.   The toxicity tests of sediments from the northern bay, as well 
as from Coral Gables and Snapper Creek Canals, ranged from non-toxic to moderately 
toxic by all four test parameters.  Sediments from sites within and bordering Black Creek 
Canal and Turkey Point were moderately toxic or highly toxic for at least one of four 
parameters, as were several sites in the southern, open bay. 
Several trace metals were found in concentrations in excess of those expected in 
reference sediments.  Chemicals of highest concern, copper, lead, and mercury, were 
elevated relative to numeric guidelines, showed strongest concordance with a measure of 
toxicity and were most concentrated in samples in which toxicity was most severe.  
Whereas patterns of chemical contamination generally followed patterns in toxicity, 
several exceptions were noted (Long et al., 1999).     
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Figure 2  Classifications of the relative degree of toxicity in four sediment tests:            
(1) amphipod survival tests, (2) sea-urchin fertility and (3) embryo-development tests, 
and (4) microbial bioluminescence (Photobacterium phosphoreum) (Microtox™)  
(from Long et al., 1999) 
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Foraminifera as Bioindicators 
The Foraminifera are a class of microscopic, shelled protists.  Benthic 
foraminifers can be used as bioindicators of coastal pollution because:  (1) they have 
short lifespans and specific niches, and therefore respond quickly to environmental 
change; (2) they remain well preserved in the sedimentary record; (3) they are widely 
distributed yet generally regarded as relatively immobile; (4) they are diverse; (5) they 
are small, abundant and easily sampled, and therefore their use can be cost effective; and 
(6) their collection has minimal impact on environmental resources (Yanko et al., 1994). 
Since benthic foraminifers vary temporally and spatially in relation to biotic and 
abiotic environmental variables, changes in conditions can lead to changes in species 
composition of the foraminiferal fauna (Culver and Buzas, 1995).  Observations by Buzas 
et al. (2002) have shown that biotic and abiotic factors responsible for variations in 
foraminiferal species abundance can operate on relatively small spatial scales.  Their 
study proposed that long-term stability is achieved through considerable short-term 
variability in space and time.  Therefore, caution must be taken when comparing live 
assemblages among stations.  Rather, the accumulation of tests in the sediments 
(commonly referred to as total assemblage) more adequately reflects the foraminiferal 
community within an area (Scott and Medioli, 1980; Hallock et al., 2003). 
Foraminiferal Studies in Biscayne Bay 
 Numerous studies have examined foraminiferal assemblages in Biscayne Bay 
over the past 65 years (Stubbs, 1940; Bush, 1949, 1958; Cole, 1974; Andersen, 1975; 
Goldstein, 1976; Almasi, 1978; Tisserand Delclos, 1979; Ishman et al., 1997; Hoare, 
2002).  Taxa, by genera, identified by these studies are summarized in Appendix I. 
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Stubbs (1940) noted that local faunal lists of foraminifers from Florida's shallow 
coastal waters were lacking at that time.  He described foraminiferal assemblages from 
seven bottom samples in the vicinity of Biscayne Bay.  Of the seven stations, five varied 
only slightly in depth, temperature, and bottom conditions.  Nevertheless, as Buzas et al. 
(2002) noted, inter-station variability can be remarkably high.  Bottom characteristics of 
sample sites ranged from seagrass to hardbottom, and sediments ranged from fine to 
coarse quartz sand.  Only nine of the 61 species listed (belonging to 23 genera) occurred 
at all five stations, only two species were found in all seven stations, and 22 of the 
species were recorded at only one station.  No two stations showed the same assemblage 
of species or degree of abundance of individuals.  Stubbs (1940) concluded that 
foraminifers are susceptible to very slight ecologic differences. 
Bush (1949) initially analyzed 10 sediment samples from Biscayne Bay for 
foraminiferal assemblages and sediment characteristics.  His continued work (Bush, 
1958) expanded upon the pilot study, analyzing 63 samples originally collected.  Results 
of his analyses were compared with chemical and physical oceanographic factors 
obtained by others.  Bush (1958) concluded the bay contains a provincial foraminiferal 
fauna, a consequence of the environment of the area. The southern portion of the bay is 
affected by a greater degree of environmental variability than the eastern margin.   
Bush (1958) found Quinqueloculina, Triloculina, Elphidium, and Archaias to be 
the most common genera in the bay.  However, although they were the most abundant, he 
did not find them to be characteristic of any one particular biotope.   
Cole (1974) studied the effect of thermal stress on benthic foraminifera in a small, 
shallow lagoon located approximately 10 miles south of Miami at the southern end of the 
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bay.  The lagoon received hot marine water from cooling generators in the Cutler Power 
Plant.  Cole (1974) found foraminiferal assemblages within the lagoon to be controlled by 
the precise zone sampled.  The dominant group of foraminiferal species differed in each 
of the four environmental zones, but was consistent for all samples within a particular 
zone.  Species diversity and individual test sizes in the live population correlated 
positively with distance from the effluent mouth, while the percentage of malformed 
individuals showed a negative correlation.   
Cole (1974) concluded that foraminiferal assemblages in cores from below 14 cm 
closely resembled normal-temperature assemblages, while assemblages in the top of the 
cores reflected temperature influence.  Under thermal stress, the dominant species 
comprised a greater percentage of the total population.  Under normal conditions, 
population distributions were more even.  Cole (1974) found Ammonia was the genus 
most resistant to temperature affects.  Proportions of test deformities in, rather than 
presence of, Quinqueloculina and Triloculina were indicative of the stressed 
environment.  Archaias and Sorites were relatively rare in the cores, and they were each 
only present in small numbers in one surface sample.   
Andersen (1975) investigated a portion of northern Biscayne Bay to determine the 
distribution of its benthic foraminiferal assemblages.  He identified 75 genera in the 26 
samples taken from 15 stations.  Andersen concluded that salinity was an important factor 
controlling assemblages within northern Biscayne Bay, and he recognized three faunal 
assemblages reflecting salinity variations.  Ammonia beccarii and Elphidium gunteri 
galvestonense dominated the western bay margin, characterized by brackish-water 
influence, whereas the Miliolidae were most numerous in the open bay and the 
 14
Peneroplidae became increasingly numerous at the eastern bay margin stations, where 
conditions are more oceanic.  Andersen also observed a relationship between the coarse 
fraction and foraminiferal data; as average sediment grain size increased, fewer tests and 
fewer species were found in the sample.  He interpreted the presence of normally deeper-
water species within the shallow bay waters as evidence of the active inshore transport of 
sediments at the bay's eastern margin (Andersen, 1975). 
Goldstein (1976) investigated the ecology and distribution of benthic foraminifera 
in a south Florida mangrove and salt-marsh habitat in the vicinity of Turkey Point, an 
area characterized by wide fluctuations in salinity, temperature, and water level.  She 
found that each species had its own distinct distribution within the study area.  She 
observed no faunal breaks in the distribution of foraminiferal populations along her 
transect.  Community characteristics also displayed gradual changes along the transect, 
with diversity, equitability, and density of living individuals increasing seaward. 
Almasi (1978) investigated the taxonomy and distribution of recent benthic 
foraminifera in Barnes Sound, northeast Florida Bay (see Fig. 1), to determine factors 
that cause color variation in foraminiferal tests.  Thirty stations along a series of transects 
were sampled for surface-sediment and water samples.  Almasi (1978) found color 
variation, due to a series of reactions that take place in a reducing environment, in 45% of 
foraminiferal tests.  The most abundant genera in Barnes Sound were Archaias, 
Quinqueloculina, Elphidium, and Triloculina. 
Tisserand Delclos (1979) compared foraminiferal assemblages from Joe Kemp 
Key and Key Biscayne.  Joe Kemp Key, located in Florida Bay, experiences terrestrial 
influence from the Everglades watershed.  Key Biscayne, farther to the north and at the 
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outer limits of Biscayne Bay, is influenced by urban Miami from the west and the open 
ocean to the east.  Tisserand Delclos found clear faunal differences between the two 
islands.  The Joe Kemp Key vicinity was dominated by members of the families 
Rotaliidae and Elphididae, which composed over 93% of the total assemblage.  At Key 
Biscayne, these two families were rare and composed less than 6% of the total 
assemblage.  The Key Biscayne assemblage was dominated by Archaias angulatus, 
Peneroplis carinatus and Sorites marginalis, which together composed 45% of the 
population, and the family Miliolidae that accounted for 28%.  Overall, the Key Biscayne 
site showed higher diversity (Tisserand Delclos, 1979). 
During August 1996, Ishman et al. (1997) collected surficial sediment-samples 
and water-column data from 23 sites within Biscayne Bay.  The researchers are part of a 
team that evaluated modern biotic distributions and determined natural versus human-
induced variability in the south Florida ecosystem prior to the Comprehensive Everglades 
Restoration Plan.  Sixty-nine taxa of benthic foraminifers were identified in surface-
sediment samples from Biscayne Bay.   
Hoare (2002) examined foraminiferal assemblages and heavy-metal 
concentrations on the western margin of Biscayne Bay.  Snapper Creek, believed to show 
nominal pollution, acted as a "reference site" against areas believed to possess elevated 
concentrations of heavy metals.  At the time of sampling, no environmental 
measurements were carried out.  Measurements of temperature, salinity, and dissolved 
oxygen were later obtained from the Southeast Environmental Research Center, SERC, 
maintained by Florida International University (Hoare, 2002).  Her pilot study indicated 
increasing water quality with increasing distance from shore, based on the foraminiferal 
 16
assemblages.  These sites are included in the results and discussion of my bay-wide 
assessment. 
The FORAM (Foraminifera in Reef Assessment and Monitoring) Index of 
Hallock et al. (2003, p. 222) is "intended to provide resource managers with a measure, 
which is independent of coral populations, to determine whether water quality in the 
environment is sufficient to support reef growth or recovery.”  This simple index is based 
on foraminiferal assemblage data from surficial sediments.  I will utilize such data from 
Biscayne Bay to determine if the FORAM Index is a useful resource-assessment tool in a 
subtropical estuary and if modifications are necessary to adapt its use to estuarine 
environments. 
Foraminifers as Bioindicators of Heavy-Metal Pollution 
 Pollution studies using benthic foraminifers as proxy indicators were initiated in 
the early 1960s, although pollution effects on foraminifers were recognized earlier (see 
reviews by Alve, 1995; Yanko et al., 1999; Schafer, 2000).   Foraminifers are good 
indicators of pollution because they are often among the last organisms to disappear 
completely from an impacted site (Schafer, 2000).  Early research primarily targeted 
organic-waste discharges from sewage outfalls (Watkins, 1961) or from paper and pulp 
mills.  Several studies addressed oil, thermal, and various other types of chemical 
pollution, and in recent years, studies of the effects of heavy-metal pollution on 
foraminifers have become more common (Alve, 1995).   
Studies examining foraminifers as bioindicators of heavy-metal pollution tend to 
fall into three categories: assemblage analyses, morphological analyses, and 
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incorporations of heavy metals into foraminiferal tests.  Although much of the heavy-
metal research integrates these categories, I will address them separately. 
In recent years, several researchers have focused on morphological abnormalities 
of foraminifera in response to various pollution sources, particularly heavy-metal 
contamination (Watkins, 1961; Boltovskoy et al., 1991; Sharifi et al., 1991; Geslin et al., 
1998; Yanko et al., 1998; Coccioni, 2000; Samir, 2000; Samir and El-Din, 2001; Geslin 
et al., 2002; Elberling et al., 2003).  Although heavy-metal concentrations directly 
correlate with elevated percentages of deformed tests in many case studies, there is more 
to consider.  No variable (temperature, salinity, depth, carbonate solubility, dissolved 
oxygen, substrate, water motion, trace elements, etc.) acts independently on test 
morphologies (Boltovskoy et al., 1991).  A stressor such as salinity changes may cause 
abnormalities in one location but not in another (Sharifi et al., 1991; Yanko et al., 1998).    
  Background percentages of deformed tests in unstressed conditions must be 
considered.  Deformities are commonly found in up to 1% of total live populations, for a 
given species in given environmental conditions, representing the range of natural 
variability (Yanko et al., 1998).  However, it is very difficult to find ecosystems 
untouched, directly or indirectly, by human impact.  Geslin et al. (2002) found that, in 
Brazil, in the estuarine environments they studied, it was difficult to distinguish natural 
from anthropogenic stress and, in fact, their study showed higher percentages of 
abnormal tests occurring in supposedly non-polluted areas than in polluted areas. 
 Nevertheless, a convincing amount of recent research supports the correlation 
between increased heavy-metal concentrations and aberrations in foraminiferal tests.  
Elberling et al. (2003) found that abnormalities may represent a useful biomarker for 
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evaluating trends in the biological impact resulting from submarine tailings disposal in 
Western Greenland.  Samir (2000), working in Egypt, surmised that benthic foraminiferal 
abnormalities depend on the nature of the pollutant.  Heavy metals from industrial 
locations were associated with test deformations in Southhampton Water, England 
(Sharifi et al., 1991).  However, in the pilot study of the Biscayne Bay project, Hoare 
(2002) did not find a correlation between test abnormalities and increased heavy-metal 
concentrations.  Test abnormalities were observed at several sites.  However, those 
occurrences were not at sites where trace-metal concentrations were highest. 
Consequently, test abnormalities were not considered in the bay-wide assessment.   
 A vast amount of research has quantified and analyzed total benthic foraminiferal 
assemblages as bioindicators of heavy-metal pollution (Naidu et al., 1985; Alve and 
Nagy, 1986; Banerji, 1992; Debenay et al., 2001; Gonzàlez-Regalado et al., 2001; 
Cearreta et al., 2002; Armynot du Chậtelet et al., 2004).  Total densities and species 
richness tend to decrease in areas of elevated heavy-metal concentrations (Naidu et al., 
1985; Sharifi et al., 1991; Armynot du Chậtelet et al., 2004).  However, quite often, one 
or a few taxa of foraminifers will thrive in stressed environments (Schafer, 2000).  For 
example, in soft-bottom fauna in Norwegian fjords, 22 out of 23 species tolerant of high 
concentrations of copper were present at stations with very low diversity (Rygg, 1985).  
Debenay et al. (2001) and Armynot du Chậtelet et al. (2004) both found Haynesina 
germanica, a tolerant pioneer species, to be an indicator of heavy-metal pollution.  Sharifi 
et al. (1991) observed that H. germanica, Ammonia beccarii, and Elphidium excavatum 
not only dominated at all nine of their sample sites, but they also collectively constituted 
over 80% of living assemblage.  Elphidium excavatum showed the highest tolerance to 
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heavy-metal pollution, followed by H. germanica and A. beccarii.  Banerji (1992) also 
found Elphidium to be least impacted by increased heavy-metal concentrations. 
Some researchers have noted that there are limitations to statistical analyses.  In 
practice, it is often difficult to separate effects caused by heavy metals from those caused 
by organic material and consequent hypoxia, since most polluted areas are subjected to 
some kind of organic enrichment (Alve, 1995).  Debenay et al. (2001) found that 
correlation between heavy metals and the silt and clay fraction of sediments makes it 
difficult to determine whether sediment characteristics or pollution have the stronger 
influence on foraminiferal assemblages, except in areas heavily affected by pollution.  
Cearreta et al. (2002) found the occurrence of foraminifers in the two industrial zones 
along the Bilbao estuary in Northern Spain did not correspond to defined levels of metals.   
Instead, oxygen limitation was believed to be the key factor explaining the absence of 
foraminifers in sediment cores.  In some cases, individual heavy metals or groups of 
heavy metals must be analyzed separately.  Along the Bombay Coast in India, Banerji 
(1992) found a maximum diversity of foraminifers coupled with higher concentrations of 
Fe-Mn-Zn and lower concentrations of Co-Ni-Pb. 
Estuaries: Each a Unique Setting 
Estuaries tend to serve as recipients of domestic and industrial effluents.  
Nevertheless, each estuary is unique.  Direct comparisons between an estuarine 
environment affected by many varying effluents and a normal-marine setting should be 
made with caution due to the dynamic physical, chemical, biological, and biogeochemical 
properties of estuaries. However, comparisons within the same estuary between relatively 
unimpacted and anthropogenically impacted areas are often more reliable (Alve, 1995).  
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The heterogeneity of nearshore marine settings calls for a precautionary approach that 
recognizes our limited knowledge of the dynamic interplay between diagenetic effects 
and biological interactions, at both the species and community levels (Schafer, 2000).  
Objectives and Goals 
My research will utilize environmental data, geochemical data, grain-size 
analysis, and foraminiferal assemblages to characterize the present conditions in 
Biscayne Bay, Florida, building upon the pilot study of Hoare (2002).  Specific questions 
being addressed include (1) are there areas in Biscayne Bay where sediments demonstrate 
elevated concentrations of heavy metals; (2) are there suites of heavy metals that co-
occur; (3) do heavy-metal concentrations correlate with grain-size distribution; (4) are 
there identifiable foraminiferal assemblages within the bay and, if so, what are their 
distributions; (5) do occurrences of foraminiferal taxa or assemblages in sediments 
correlate with heavy-metal concentrations or other measured environmental parameters; 
(6) is the FORAM Index, which was developed as a bioindicator for reef environments, 
useful in resource assessment in a subtropical estuary; and if so, (7) does the FORAM 
Index require any modification to adapt its use to estuarine environments? The goal of 
this research project is to provide a “state of the bay” assessment that can be used to 
interpret changes that have occurred over the past 60 years in Biscayne Bay, and to 
provide a baseline to compare changes in the ecosystems during and after execution of 
the Comprehensive Everglades Restorations Plan (CERP) (Perry, 2004).    
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2.  METHODS 
Sample Collection 
US Geological Survey (USGS) personnel collected sediment samples from 
Biscayne Bay during three sampling trips in December 2000, July 2001, and April 2002 
(Figs. 4a,b,c and Appendix II).  In December 2000, divers collected samples by hand into 
plastic bags.  A petite Ponar grab was used to collect sediment during the second and 
third collections (Fig. 3). 
 
Figure 3  A petite Ponar grab 
Depending on the bottom material (sandy vs. muddy), the Ponar will sample to a 
depth of 1 to 4 cm into the sediment.  Sediment samples were transferred into plastic bags 
and frozen until analysis was begun.   
A grab sample from Biscayne Bay usually represents accumulation of the past 5 
years or less, based on accumulation rates of 1 cm per year (Ishman et al., 1997).  
However, in regions where sediments are very thin, the age of the surface sediments is 
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undetermined (Wanless, 1976).   In most of Biscayne Bay, the sediment cover is 
relatively thin, thickening near mangroves and along isolated mud banks (Chris Reich, 
USGS, personal communication).  During the April 2002 collection, dissolved oxygen, 
salinity, and temperature were recorded in situ using a Hydrolab MiniSonde multi-probe 
instrument.  Sampling depths were estimated from a bathymetric chart based on GPS 
coordinates.  
Sample Processing   
For processing, samples were thawed overnight.  Each sample was mixed 
thoroughly and a subsample was wet sieved using deionized water over a 63-µm mesh 
nylon sieve.  Samples, separated into mud fraction (<63 µm) and sand fraction (>63 µm), 
were dried in an oven at less than 50˚C.  The mud fraction was weighed using an 
electronic balance and retained for geochemical analysis.  The sand fraction was weighed 
and later used for grain-size analysis and assessment of the foraminiferal assemblage.  
Because several technicians processed the samples over three years, a few subsamples 
were lost, accounting for slight differences among sample totals among procedures   
(Appendix IV).  Multivariate analyses will include only samples used in all individual 
analyses. 
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Geochemical Analysis 
Actlabs Group of Companies (http://www.actlabs.com/home.htm, 2005) in 
Tucson, Arizona, analyzed the mud fractions (<63 µm) of all samples for 32 elements 
using Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES).  ICP-OES 
is a multi-element technique, capable of measuring elemental concentrations to very low 
detection limits (ppm to ppb).  The sample material is placed into solution using specific 
partial leaches, single acids, mixed acids, or fusion techniques using fluxes. The sample 
solution is then introduced into a radio frequency-excited plasma (~8000°K). Atoms 
within the samples are excited to the point that they emit wavelength-specific photons or 
light that is characteristic of a particular element. The number of photons produced is 
directly related to the concentration of that element in the sample (Actlabs, 2004).  
Elements measured, their chemical symbols, and detection limits are presented in Table 
1.  In this document, elements will be referred to by their chemical symbol.   
Grain-Size Analysis 
The sand fractions (>63 µm) were dry sieved according to methods described by 
Folk (1980).  The standard sieve set was secured on top of a shaker.  The subsample (3 to 
20 grams) was gently disaggregated if necessary, and placed in the top, coarsest sieve.  
The shaker was then set to medium for a minimum of five minutes.  I visually determined 
if the sieving was complete.  If not, the shaker was set for another five-minute interval 
until sieving was complete.   The contents of each screen were poured onto tared 
weighing paper and weighed to the nearest milligram.  The fractions were then 
recombined for the micropaleontological analyses.  In determining the percent mud of 
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each sediment sample, calculations were adjusted to account for the fine fraction 
removed in the washing step.   
Table 1  Detection limits for 32 measured elements (*rarely detectable) 
Element PPM % 
Silver, Ag (ppm) 0.2 -- 
*Cadmium, Cd (ppm) 0.5 -- 
Copper, Cu (ppm) 1 -- 
Manganese, Mn (ppm) 2 -- 
Molybdenum, Mo (ppm) 2 -- 
Nickel, Ni (ppm) 1 -- 
Lead, Pb (ppm) 2 -- 
Zinc, Zn (ppm) 1 -- 
Aluminum, Al (%) -- 0.01 
*Arsenic, As (ppm) 10 -- 
Barium, Ba (ppm) 1 -- 
*Beryllium, Be (ppm) 1 -- 
Bismuth, Bi (ppm) 10 -- 
Calcium, Ca (%) -- 0.01 
Cobalt, Co (ppm) 1 -- 
Chromium, Cr (ppm) 2 -- 
Iron, Fe (%) -- 0.01 
Potassium, K (%) -- 0.01 
Magnesium, Mg (%) -- 0.01 
Sodium, Na (%) -- 0.01 
Phosphorus, P (%) -- 0.001 
*Antimony, Sb (ppm) 10 -- 
*Scandium, Sc (ppm) 1 -- 
Tin, Sn (ppm) 10 -- 
Strontium, Sr (ppm) 1  
*Titanium, Ti (%) -- 0.001 
Vanadium, V (ppm) 1 -- 
*Tungsten, W (ppm) 10 -- 
Yttrium, Y (ppm) 1 -- 
Zirconium, Zr (ppm) 1 -- 
Sulfur, S (%) +100 -- 
Mercury, Hg (ppb) 5 ppb -- 
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 Analysis of Foraminiferal Assemblages 
The sand fractions (>63 µm) were analyzed microscopically for foraminiferal 
tests present as described by Hallock et al. (2003).  Each sample was poured into a clean 
petri dish and mixed thoroughly.  A fine spatula was used to take a small scoop 
(approximately 0.1 grams) from the center of the mound, bottom up, to get an adequate 
representation of all grain sizes.  The scoop was weighed to the nearest milligram.   
Each sample was then examined under a conventional stereomicroscope and the 
foraminifers were removed using a fine artist's brush moistened with water (tip size 3/0 to 
5/0).  Individual specimens were placed onto a cardboard micropaleontological faunal 
slide, which was coated thinly with water-soluble glue.  This procedure was repeated 
until 150-200 specimens were obtained (Hallock et al., 2003).  For generic classification, 
a sample number of this size provides a useful compromise between cost of analysis 
(investigator's time) and benefit (additional precision of larger samples) (Dix 2001).   
Foraminifers were identified to genus using characteristics defined by Loeblich 
and Tappan (1987).  Taxa identified in low abundances not previously described in 
Biscayne Bay included Bolivinella, Cornuspira, Floresina (Revets, 1990) and 
Lachlanella.  I identified Cribroelphidium, Laevipeneroplis, Haynesina, Affinetrina, and 
Siphonaperta in significant numbers.  Cribroelphidium, Laevipeneroplis, and Haynesina 
bear close resemblance to other genera and the distinctions are not always made by 
researchers.  Loeblich and Tappan (1987) describe Elphidium with a carinate periphery 
and Cribroelphidium with a rounded, noncarinate periphery.  However, the foraminifer 
commonly identified as Elphidium galvestonense (Poag, 1981) has a rounded, 
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noncarinate periphery.  In this study, I identified these two genera consistent with the 
description of Loeblich and Tappan (1987).  Affinetrina (Loeblich and Tappan, 1987), 
characterized by a slit-like aperture enclosing a long slender tooth that is terminally 
inflated or bifid, is identified by many researchers as Triloculina planciana.  Likewise, I 
believe Siphonaperta (Loeblich and Tappan, 1987) is frequently identified as 
Quinqueloculina agglutinans or Quinqueloculina bicarinata (Poag, 1981). 
The total foraminiferal assemblage (including both living and dead) was assessed.   
However individuals that were largely broken (less than 50% of the test remaining) or 
obviously geologically reworked were not included in analyses.  The composition of 
living assemblages solely reflects environmental conditions at that microhabitat at the 
time of sample collection (Buzas et al., 2002), whereas the total assemblages integrate 
information about the general conditions over a longer time period (Alve and Nagy, 
1986).   
Data Analyses  
Grain-Size Analysis 
  The raw weights for each grain-size class were converted to weight percents for 
each sample.  Median grain size for each sample was also calculated and is represented in 
phi (Appendix IV).  Phi diameter is computed by taking the negative log of the diameter 
in millimeters.   
Geochemical-Data Analysis 
 All 147 samples were analyzed for the 32 elements listed in Appendix V-a.  
Seven elements, Be, Sb, Ti, W, Cd, As, and Sc were detectable in fewer than 5% of the 
samples and were not considered in the statistical analyses.  
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Eleven metals could be considered metals of concern based on work by Long and 
Morgan (1990); however, Sb, As, and Cd were so rarely detected that they were not 
considered in the statistical analyses.  The remaining eight elements, Cr, Cu, Pb, Hg, Ni, 
Ag, Sn, and Zn, will be referred to as metals of concern in this paper.  Contour maps were 
plotted for these metals of environmental concern using SURFER v.8 (Golden Software).  
For the remaining 25 elements, in samples in which a concentration was below detection 
limits, a concentration of half of the lowest detectable concentration was used for 
analysis, consistent with recommendations of Parker and Arnold (1999). 
Using the statistical software package, PRIMER-e v.5 (Plymouth Routines in 
Multivariate Ecological Research, 2000), similarity matrices were constructed for sites 
(Q-mode) and for elements (R-mode) using log (1+X) transformed data with Euclidean 
distance (0-inifinity) chosen as the similarity measure.  Cluster analyses and non-metric 
multi-dimensional scaling (MDS) plots were derived from the similarity matrices.  
Similarity measures based on Euclidean distance are sensitive to differences in sample 
magnitude (Parker and Arnold, 1999) though transforming the data reduces that 
sensitivity.  MDS constructs a configuration of samples or variables, in this case 2-
dimensional, which attempts to satisfy all the conditions imposed by the rank similarity 
matrix.  The stress coefficient, ranging from 0 to 1, measures the success of the MDS 
plot.  A stress coefficient <0.05 is excellent, <0.1 good, and <0.2 still gives a potentially 
useful 2-dimensional picture.  However, at the higher end of this range, multiple forms of 
analysis are recommended for crosscheck (Clarke and Warwick, 2001).   
Pearson’s correlation analyses of log (1+X) transformed data were conducted 
using Statistica v.5.5 (2000) to elucidate relationships between among metals.  Analyses 
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were based upon the assumption that all samples were independent.  These analyses 
produce Pearson's correlation coefficients (-1.0-1.0), which are relatively insensitive to 
differences in numerical size of the entities being clustered (Parker and Arnold, 1999).  A 
positive correlation is evidence of a general tendency that large values of X are associated 
with large values of Y and small values of X are associated with small values of Y. 
Conversely, a negative correlation is evidence of a general tendency that large values of 
X are associated with small values of Y and small values of X are associated with large 
values of Y. 
Multivariate Analysis of Foraminiferal Assemblages 
Foraminiferal data can be represented in either relative or absolute abundance.  
Relative abundance expresses each genus as a percentage of total foraminifers present.  
Absolute abundance accounts for the number of foraminifers per unit mass, in grams, of 
bulk sediment sorted.  I will report data as relative abundance unless otherwise noted.  
Shannon and Fisher diversity indices were calculated for each sample site.  Fisher’s alpha 
index starts with the ratio of number of samples to number of species and generates from 
it a log series distribution that will predict the number of species represented by one 
individual, two individuals, and so on.  The Shannon diversity measure came from 
information theory and measures the order (or disorder) observed within a particular 
system (Hayek and Buzas, 1997).  
The first set of analyses determined groups of sample sites based on their 
similarity of foraminiferal assemblages.  PRIMER-e v.5 was used to construct Bray-
Curtis similarity matrices on square-root transformed, √X, data.  This transformation 
down-weights the importance of the highly abundant species, so that similarities depend 
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not only on their values, but also those of “mid-range” species.  Based on this similarity 
matrix, Q-mode cluster analysis was performed and MDS plots constructed. 
The PRIMER SIMPER routine (similarity percentages) examines the 
contributions of individual genera to the separation of the groups, either for an observed 
clustering pattern or for the differences among set of samples (Clarke and Warwick, 
2001).  SIMPER analysis is carried out on square-root transformed data based on site 
groupings defined by the previous cluster analysis.  SIMPER outputs several statistical 
parameters for each genus contributing to >90% similarity within each group or 
dissimilarity between groups.  Outputs include average abundance, average similarity, a 
ratio of similarity to standard deviation, percent contribution, and cumulative percent 
contribution of each genus.  
To determine which genera tend to co-occur (i.e., R-mode analyses), a Bray-
Curtis similarity matrix was constructed based on untransformed, row-standardized 
generic data for all taxa present in greater than 5% of the samples.  Two species may 
have considerably different mean levels of abundance yet be perfectly similar in the sense 
that their counts are in strict ratio to each other across the samples.  Row standardization 
entails dividing each original data entry by its generic total and multiplying by 100 
(Clarke and Warwick, 2001).  Cluster analysis and MDS plots based on this similarity 
matrix were utilized to define foraminiferal assemblages.  Pearson’s correlation analyses 
of square-root transformed data were conducted using Statistica (2000) to explain 
relationships between genera further.   
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FORAM Index Analyses  
The FORAM Index (FI) entails enumeration of foraminiferal taxa into functional 
groups defined by Hallock et al. (2003) (Table 2). Yanko et al. (1999) summarized a list 
of genera with known tolerance to pollution including Ammonia, Bolivina, 
Cribroelphidium, and Haynesina.  Bernhard and Sen Gupta (1999) reported that 
Ammonia, Nonion, Bolivina, and Brizalina have been present in low-oxygen 
foraminiferal assemblages.   Other smaller, heterotrophic genera of the orders Rotaliida 
and Miliolida indicate the presence of intermediate food resources (Crevison, 2001).  
Archaias, Androsina, Laevipeneroplis, and Sorites harbor algal endosymbionts.  Their 
presence indicates lower-nutrient, adequate-light conditions.  
The FORAM Index (FI) utilizes foraminiferal assemblages from surface 
sediments of reef-associated environments to determine the suitability of benthic 
environments for communities dominated by algal symbiotic organisms.  An auxiliary 
goal of my study is to determine if the FI can be usefully applied to subtropical estuarine 
sediments and, if so, are modifications needed.  The FI is calculated as follows (Hallock 
et al., 2003). 
FI = (10 x Ps) + (Po) + (2 x Ph) 
where   Ps = Ns/T, 
  Po = No/T, 
  Ph = Nh/T 
 
and  T = total number of specimens counted 
  Ns = number of symbiont-bearing specimens 
  No = number of opportunistic* specimens 
  Nh = number of small, heterotrophic specimens 
*I shall refer to taxa considered opportunistic by Hallock et al. (2003) as “stress tolerant,” 
a usage more consistent with Yanko (1999). 
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Table 2  Functional groups and example genera defined by Hallock et al. (2003) 
Foraminifer 
Functional Group 
Genera 
Symbiont-bearing 
miliolids 
Borelis 
Laevipeneroplis 
Peneroplis  
Archaias  
Broeckina  
Cyclorbiculina  
Sorites 
Symbiont-bearing 
rotaliids 
Amphistegina  
Asterigerina  
Heterostegina 
Smaller miliolids Cornuspira  
Vertebralina  
Wiesnerella 
Hauerina 
Miliolinella  
Pyrgo  
Quinqueloculina  
Schlumbergerina  
Triloculina  
Spiroloculina 
Articulina 
Other, smaller 
perforate taxa 
Reussella  
Discogypsina  
Lobatula  
Discorbis  
Nonionoides  
Nonion  
Planorbulina  
Rosalina 
Opportunists Bolivina  
Cribroelphidium  
Elphidium  
Haynesina  
Ammonia  
Ammobaculites  
Trochammina 
Agglutinates Textularia  
Bigenerina 
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Environmental-Data Analysis 
Environmental data (water temperature, dissolved oxygen, and salinity) collected 
in April 2002 were correlated with foraminiferal assemblages using Pearson’s correlation 
analyses using Statistica (2000).   
The Southeast Environmental Research Center (SERC) Water Quality Monitoring 
Network collected data monthly over an 11 year time period at sites throughout Biscayne 
Bay (http://serc.fiu.edu/wqmnetwork/, 2005).  I computed the mean and standard error of 
water-quality parameters at each site for its entire sampling period.  Contour plots were 
made for total organic carbon (TOC), salinity, and chlorophyll a (chl a).  These variables 
were chosen for their potential influence over the foraminiferal community.  Total 
organic carbon is a potential indicator of food source for smaller, heterotrophic 
foraminifers (Crevison, 2001).  Several taxa, including agglutinates, Ammonia, and 
Elphidium (Sen Gupta, 1999) are euryhaline.  Laws and Redalje (1979) found chlorophyll 
a to be the most sensitive indicator of sewage enrichment in a subtropical estuary.  
Synthesis of Biotic and Environmental Data 
PRIMER's BIO-ENV procedure was conducted to examine the extent to which 
the physio-chemical data are related to the observed foraminiferal assemblages (Clark 
and Warwick, 2001).  The approach was to first analyze the biotic data and then ask how 
well the information on environmental variables, in combination, matched the community 
structure (Fig. 5).  This procedure was also used to determine which subset of 
foraminiferal genera best described the total assemblage. 
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Figure 5  Schematic diagram of the BIO-ENV procedure: selection of the abiotic variable 
subset maximizing Spearman-rank correlation (ρ) between biotic and abiotic similarity 
matrices (from Clark and Warwick, 2001) 
 
A Pearson’s correlation matrix of key taxa, metals of concern, % mud, FI, and 
diversity coefficients was constructed using Statistica (2000) to refine relationships for 
use in interpretations. 
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3.  RESULTS 
Grain Size 
Weight-percent distribution of each grain size for each sample is shown in 
Appendix IV.  Table 3 and Figure 6(a) summarize the distribution of median sediment-
grain size throughout the bay.  The median grain size for the majority of sites was fine 
(37%) and medium (28%) sand, while 16% were more than half mud.  Percent mud 
distribution throughout the bay is contoured in Figure 6(b).   
Table 3  Summary of median grain size in 139 sediment samples from Biscayne Bay 
[see Figure 6(a)]          
Description of Grain Size Size range Φ  
of 
sieve 
# of Sites with 
Median Grain 
Size 
Gravel or Granule X > 2 mm -1 2 
Very Coarse Sand 1 mm < X ≤ 2 mm 0 4 
Coarse Sand 0.5 mm < X ≤ 1  mm 1 15 
Medium Sand 0.25 mm < X ≤ 0.5 mm 2 39 
Fine Sand 0.125 mm < X ≤ 0.25 mm 3 52 
Very Fine Sand  0.063 mm < X ≤ 0.125 mm 4 6 
Silt and clay, i.e., mud X ≤ 0.063 mm >4 23 
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(a) Median Phi (b) % Mud 
 
 
Figure 6  Grain-size distribution in Biscayne Bay as (a) median phi and (b) % mud 
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 Trace-Metal Distribution 
 
Cluster analyses were carried out for 24 elements for all three sample sets 
individually (not shown) and combined (Fig. 7).  Distribution of Sr was sufficiently 
dissimilar as to mask other results and was subsequently removed from the cluster 
analyses.  Several consistencies were noted on all four analyses.  Ag was never closely 
linked with any other metal of concern; however, it closely linked with many essential 
nutrients.  Ni, Cr, and Sn always clustered together at a Euclidean distance <12, as did Cu 
and Hg.  Zn ranged from being an outlier to closely linked to Hg and Cu.  Overall, seven 
of the eight metals of concern occurred together in one distinct cluster that also included 
Mn, Ba, Ca, Bi, and V.  The second cluster included Ag, elements characteristic of clay 
minerals (Al, Na, K), wetland soils (Fe) and several rare-earth elements. 
A Pearson correlation matrix (Appendix VII) was constructed for 25 elements 
using Statistica (2000).  Table 4 presents Pearson's correlation coefficients for the eight 
metals of concern.  Strongest positive correlations (>0.7) are shown by the heavy-metal 
pairs of Zn-Hg, Cu-Pb, Cu-Hg, Cu-Zn and Sn-Ag.  Most of the other heavy-metal pairs 
also show significant, positive correlations. 
Table 4  Correlation matrix of metals of concern  
(N=147, marked correlations are significant at p<0.05) 
Variable Ag Cu Ni Pb Zn Cr Sn
Ag --       
Cu .49* --      
Ni .40* .57* --     
Pb .11 .72* .47* --    
Zn .60* .78* .67* .56* --   
Cr .39* .57* .61* .62* .55* --  
Sn .80* .48* .50* .03 .60* .34* -- 
Hg .55* .71* .56* .66* .76* .66* .46* 
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Ag, Cu, Pb, Zn, Cr, Hg, Sn, and Ni were contoured to show their distribution in 
mud-sized sediments throughout the bay (Fig. 8).  All eight metals of concern show 
highest concentrations to the northwest, between the mouths of the Miami River and 
Snapper Creek Canal (Fig. 1).  Relatively high concentrations of these metals, with the 
exception of Sn and Hg, also occur just south of Turkey Point.  Concentrations in the 
vicinity of the Black Point landfill are not as high as in the northwest, but are elevated as 
relative to sites offshore. Silver and tin show elevated concentrations in the south-central 
portion of the bay.
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Figure 8  Metal distributions for mud-sized sediments in Biscayne Bay 
 
        (Continued on the next page) 
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(e)  Chromium 
(h)  Tin (g)  Nickel 
(f) Mercury 
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Figure 8  (Continued)  
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Foraminiferal Assemblages 
 Sixty-three genera of foraminifers were identified at 137 sites in Biscayne Bay.  
Raw counts, indices of diversity (number of genera, Fisher index, and Shannon index), 
FORAM Index, and density (forams per gram) for all samples included in analyses are 
presented in Appendix VI.  Figure 9 shows no direct relationship between diversity 
(number of genera) and density (log of foraminifers per gram) of tests in the samples. 
 Figure 9  Plot of density versus diversity of samples 
 Sample Distribution 
 A cluster analysis was performed on foraminiferal assemblage data for 137 
sample sites throughout the bay.  Samples grouped into three major groups (A, B, and C) 
at >53% similarity.   Group B consisted of three subgroups that were >60% similar.  
Sample III-1 fused to groups B at 57% and will be considered an outlier (O).   
Figure 10 is a MDS plot of the sample similarity matrix for all 137 sample sites.    
Each sample is represented according to its site group derived from the cluster analysis.  
Because conclusions match with the cluster analysis and the sample size is large, this plot 
is considered a useful 2-dimensional picture (stress value=0.16). 
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Figure 10  MDS ordination of sample sites according to SIMPER groups 
 
SIMPER analysis was performed on groups A, B-1, B-2, B-3, and C.  The cluster 
analysis, MDS plot (Fig. 10), and the SIMPER output (Table 5) consistently show that 
groups B-3 and C are most dissimilar (59%).  Subgroups B-1, B-2, and B-3 exhibited 
<37% dissimilarity.  SIMPER output of dissimilarity between groups is summarized in 
Appendix VIII.  Figure 11 shows sample locations throughout the bay, indicating 
SIMPER groups.  
Group A consists of 20 samples predominantly from the southwestern margin of 
Biscayne Bay (Figure 11).  This group is characterized by the highest abundance, lowest 
diversity, and coarsest sediments of any group (Table 6).  Seven genera contribute to 
almost 92% of the within-sample variability (Table 5).  Miliolids make up 60% of the 
assemblage, and stress-tolerant taxa, Ammonia, Cribroelphidium, and Haynesina, make 
up 32%. 
The B group of samples is characterized by higher diversity, dominance by 
smaller miliolids, and minimal contribution by stress-tolerant taxa.  
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The 27 samples that make up subgroup B-1 come from the north-central part of 
the bay (Fig. 11).  Fifteen genera make up 92% of this relatively diverse assemblage; five 
smaller miliolid genera make up nearly half.  Six stress-tolerant genera make up another 
quarter of the assemblage.  Four other small rotaliid genera contribute 18% to the group.  
Abundance of foraminiferal tests (mean X=1390 tests/gm) is the lowest in this subgroup 
(Table 6).    
Twenty open-bay samples comprise subgroup B-2 (Fig. 11), with the highest 
diversity of any group or subgroup (Tables 5, 6).  Again, smaller miliolid genera make up 
nearly half the assemblage, and other smaller rotaliids compose 20% (Table 5).  Stress-
tolerant taxa make up only 11%.  Four categories of symbiont-bearing taxa are recorded 
and account for 10% of the assemblage.  Even two agglutinate genera show up in this 
assemblage subgroup.   
Subgroup B-3 is the largest subgroup of samples, collected from 44 sites that 
dominate the southern, open bay (Fig. 11).  Smaller miliolids dominate (63%), with other 
smaller rotaliids composing 16% of the assemblage and symbiont-bearing taxa 7%  
(Table 5).  Only one stress-tolerant genus, Nonion, was identified at 2.6%.  Abundance 
was the highest and diversity lowest of the “B” subgroups (Table 6). 
Group C sites are mostly located in the northern portion of the bay (Fig. 11), 
closest to urban Miami influence.  One sample, III-72, was collected nearest the Black 
Point Landfill.  Group C is dominated by stress-tolerant taxa (61%) and the ubiquitous 
miliolids, Quinqueloculina and Triloculina (Table 5).  Ammonia is the largest contributor 
(16.6 %).  Other stress-tolerant genera include Cribroelphidium, Nonion, Haynesina, 
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Brizalina, Elphidium, and Bolivina.  Despite the predominance of finer sediments, the 
mean abundance of foraminiferal tests was relatively low (Table 6). 
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Figure 11  Chart of distribution of foraminiferal density in Biscayne Bay with sample 
sites represented by SIMPER groups 
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Table 5  SIMPER groups, indicating within-sample group similarity 
(*FORAM Index categories, SB=algal symbiont-bearing, SM=smaller miliolid, 
SR=smaller rotaliid, ST=stress-tolerant, AG=agglutinated, as per Hallock et al., 
2003) 
 
Group A 
Average similarity: 71.36 
Genus   F.I.* Av.Abund Av.Sim Sim/SD Contrib% Cum.% 
Quinqueloculina SM 37.81 20.21 8.21 28.32 28.32 
Ammonia ST 17.71 12.79 3.83 17.92 46.24 
Triloculina SM 19.95 11.77 2.59 16.5 62.74 
Affinetrina SM 6.08 6.99 2.38 9.80 72.54 
Cribroelphidium ST 6.21 6.70 2.29 9.39 81.92 
Miliolinella SM 3.78 4.23 1.74 5.93 87.86 
Haynesina   ST 1.92 2.8 1.31 3.93 91.79 
 
Group B-1 
Average similarity: 69.25 
Genus   F.I.* Av.Abund Av.Sim Sim/SD Contrib% Cum.% 
Quinqueloculina SM 34.00 14.14 7.42 20.42 20.42 
Triloculina SM 10.76 7.00 2.87 10.12 30.53 
Valvulineria SR 5.45 4.98 2.94 7.20 37.73 
Affinetrina SM 4.76 4.42 3.14 6.38 44.11 
Nonion ST 4.68 4.29 3.88 6.20 50.31 
Cribroelphidium ST 4.60 3.99 2.94 5.76 56.07 
Miliolinella SM 4.81 3.75 1.99 5.41 61.48 
Articulina SM 3.70 3.66 2.62 5.29 66.77 
Ammonia ST 4.37 3.62 2.18 5.22 71.99 
Neoeponides SR 3.55 3.18 1.81 4.60 76.59 
Rosalina SR 2.48 2.94 2.04 4.25 80.83 
Haynesina         ST 3.15 2.63 1.29 3.80 84.63 
Discorbis             SR 1.62 1.68 1.02 2.43 87.06 
Elphidium           ST 1.94 1.67 1.07 2.41 89.48 
Brizalina           ST 1.27 1.42 1.01 2.05 91.53 
         (Continued on the next page)
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Table 5  (Continued) 
Group B-2 
Average similarity: 67.80 
Species   F.I.* Av.Abund Av.Sim Sim/SD Contrib% Cum.% 
Quinqueloculina SM 35.75 13.00 5.18 19.17 19.17 
Miliolinella SM 7.43 5.76 4.32 8.49 27.66 
Triloculina SM 7.99 4.87 2.08 7.18 34.84 
Neoeponides SR 5.96 4.77 3.82 7.04 41.89 
Articulina SM 4.38 4.30 4.18 6.34 48.22 
Valvulineria SR 4.96 4.12 3.35 6.08 54.30 
Affinetrina SM 2.94 2.91 2.18 4.30 58.60 
Rosalina SR 2.07 2.64 2.32 3.89 62.48 
Elphidium ST 2.18 2.33 1.67 3.43 65.91 
Juv symb-miliolida     SB 2.10 2.24 1.63 3.31 69.22 
Nonion ST 2.19 2.05 1.29 3.03 72.25 
Archaias   SB 2.49 1.94 1.34 2.85 75.10 
Discorbis SR 1.19 1.74 1.47 2.54 77.67 
Brizalina   ST 1.48 1.70 1.19 2.51 80.18 
Siphonaperta AG 1.49 1.47 1.08 2.17 82.35 
Laevipeneroplis     SB 1.70 1.39 0.90 2.04 84.40 
Androsina SB 1.86 1.36 0.96 2.00 86.40 
Haynesina ST 1.45 1.18 0.76 1.74 88.13 
Clavulina AG 0.76 1.08 1.07 1.60 89.73 
Valvulina AG 1.30 1.07 0.87 1.58 91.31 
 
Group B-3 
Average similarity: 70.85 
Species   F.I.* Av.Abund Av.Sim Sim/SD Contrib% Cum.% 
Quinqueloculina SM 32.89 15.27 6.24 21.55 21.55 
Miliolinella SM 20.73 11.57 5.21 16.34 37.89 
Affinetrina SM 8.86 7.44 3.42 10.51 48.39 
Triloculina SM 8.08 6.28 3.04 8.86 57.25 
Valvulineria SR 4.36 3.67 1.61 5.18 62.43 
Rosalina SR 2.80 3.62 2.52 5.11 67.55 
Juv symb-miliolida SB 2.50 2.65 1.30 3.74 71.29 
Archaias SB 2.57 2.62 1.44 3.70 74.99 
Articulina SM 2.25 2.51 1.25 3.54 78.53 
Neoeponides SR 1.77 2.28 1.36 3.21 81.75 
Nonion ST 1.27 1.83 1.19 2.59 84.34 
Siphonaperta         AG 1.29 1.70 1.18 2.39 86.73 
Discorbis             SR 1.65 1.66 0.91 2.34 89.07 
Valvulina       AG 1.85 1.62 0.94 2.28 91.35 
        (Continued on the next page) 
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Table 5  (Continued) 
Group C 
Average similarity: 63.09 
Genus   F.I.* Av.Abund Av.Sim Sim/SD Contrib% Cum.% 
Ammonia ST 19.99 10.46 2.82 16.58 16.58 
Quinqueloculina SM 20.57 9.72 2.44 15.40 31.98 
Cribroelphidium ST 12.68 8.20 3.25 13.00 44.99 
Nonion ST 11.60 7.26 2.10 11.51 56.49 
Haynesina ST 7.17 4.91 1.58 7.78 64.27 
Triloculina SM 5.70 3.90 1.37 6.18 70.46 
Brizalina             ST 3.64 3.68 1.81 5.84 76.30 
Elphidium             ST 2.21 2.55 1.36 4.04 80.34 
Valvulineria          SR 3.11 2.21 0.90 3.50 83.84 
Discorbis             SR 1.52 1.68 0.95 2.67 86.51 
Bolivina              ST 1.12 1.46 0.95 2.32 88.83 
Rosalina              SR 1.61 1.39 0.77 2.20 91.03 
  
Table 6  Means and standard deviations of diversity, density, and grain-size data for 
SIMPER groups  (*5 was substituted for median phi >4 to calculate mean)  
Group Forams/gm # Genera Fisher Shannon 
FORAM 
Index % Mud *Median Φ
  
mean  
(st. dev.) 
mean  
(st. dev.) 
mean  
(st. dev.) 
mean  
(st. dev.) 
 
mean 
(st. dev.) 
mean  
(st. dev.) 
mean  
(st. dev.) 
A 
11585 
(7411) 
12.2 
(2.9) 
2.96 
(0.95) 
0.73 
(0.09) 
1.86  
(0.25) 
20 
(14) 
1.80 
(1.54) 
B-1 
1390 
(1143) 
22.5 
(3.9) 
7.28 
(1.71) 
1.03 
(0.10) 
2.04 
(0.27) 
20 
(21) 
3.07 
(1.00) 
B-2 
2722 
(3355) 
26.0 
(4.2) 
8.49 
(1.41) 
1.05 
(0.11) 
2.74 
(0.73) 
30 
(19) 
2.55 
(1.64) 
B-3 
3561 
(3411) 
18.4 
(3.5) 
5.16 
(1.28) 
0.91 
(0.12) 
2.64  
(0.41) 
19 
(21) 
2.50 
(1.17) 
C 
1721 
(1704) 
18.7 
(5.4) 
5.75 
(2.09) 
0.96 
(0.14) 
1.58 
(0.23) 
32 
(27) 
3.56 
(1.08) 
 
Key Genera 
A preliminary cluster analysis was conducted using all genera present in greater 
than 5% of the samples (Appendix X).  Approximately one-third of the genera had no 
greater than a 45% similarity to any other genera.  After reevaluation of the data set, 
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foraminiferal taxa that never accounted for more than 5% of the total abundance of any 
sample were removed.  The following analyses include the remaining 23 key genera. 
 Cluster analysis of 23 key genera for all sample sites formed three distinct clusters 
(Fig. 12).  Groups 2-T and 3-T fuse at 38% similarity before joining with Group 1-T at 
27% similarity.  One genus, Sorites, remained an outlier, with less than 10% similarity to 
any other foraminifer.   
Group 1-T is composed of Ammonia, Cribroelphidium, Nonion, Haynesina, 
Bolivina and Brizalina, which are characteristic stress-tolerant taxa. 
Group 2-T included Elphidium, Discorbis, Quinqueloculina, Triloculina, 
Rosalina, Affinetrina, Miliolinella, Articulina, Neoeponides, and Valvulineria.  All of the 
taxa are smaller, heterotrophic genera of the orders Rotaliida and Miliolida, though 
Elphidium is usually considered to be stress-tolerant. 
Group 3-T consisted of Archaias, Siphonaperta, Androsina, Valvulina, 
Laevipeneroplis, and the juvenile symbiont-bearing miliolids.  Archaias, Androsina, 
Laevipeneroplis, and the juveniles all harbor algal endosymbionts.  Valvulina is a true 
agglutinated foraminifer, and Siphonaperta is an agglutinated miliolid. 
The Pearson correlation matrix (Table 7) between all key foraminiferal taxa 
shows significant positive and negative correlations between taxa.  Genera from clusters 
2-T and 3-T tend to positively correlate to one another and negatively correlate with 
members of group 1-T.  Ammonia and Cribroelphidium show the strongest correlation at 
0.77, while Ammonia and Miliolinella display the strongest, negative correlation (-0.70).  
There are no strong correlations with percent mud. 
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Table 7  Correlation matrix of foraminiferal taxa and % mud (N=137, highlighted 
correlations significant at p<0.05) 
 Affin Artic  Miliol Quin  Siph  Trilo  J Sym  Andr  
Affinetrina 1.00               
Articulina 0.01 1.00             
Miliolinella 0.65 0.13 1.00           
Quinqueloculina 0.32 0.16 0.21 1.00         
Siphonaperta 0.19 0.24 0.42 0.03 1.00       
Triloculina 0.18 -0.04 -0.14 -0.04 -0.03 1.00     
Juv symb-mil 0.14 0.23 0.48 0.05 0.45 -0.16 1.00   
Androsina 0.27 0.09 0.34 0.08 0.33 0.14 0.43 1.00 
Archaias 0.31 0.19 0.51 -0.01 0.66 0.03 0.54 0.60 
Laevipeneroplis 0.10 0.24 0.24 0.01 0.34 -0.04 0.37 0.46 
Sorites -0.09 0.16 0.02 -0.02 0.00 0.01 0.05 0.11 
Ammonia -0.46 -0.46 -0.70 -0.38 -0.45 0.02 -0.49 -0.38 
Cribroelphidium -0.51 -0.31 -0.61 -0.49 -0.34 -0.04 -0.38 -0.37 
Elphidium -0.34 0.13 -0.25 -0.17 -0.03 -0.15 0.13 -0.16 
Haynesina -0.53 -0.23 -0.53 -0.31 -0.34 -0.04 -0.28 -0.41 
Nonion -0.52 -0.08 -0.41 -0.36 -0.22 -0.37 -0.07 -0.40 
Discorbis -0.08 0.05 0.10 -0.11 0.02 -0.11 0.15 -0.15 
Neoeponides 0.14 0.40 0.20 0.22 0.38 -0.04 0.18 0.04 
Rosalina 0.17 0.20 0.33 0.11 0.19 -0.28 0.26 0.08 
Valvulineria 0.01 0.38 0.17 0.04 0.14 -0.13 0.12 -0.20 
Bolivina -0.43 0.02 -0.50 -0.17 -0.27 -0.20 -0.35 -0.39 
Brizalina -0.55 0.07 -0.51 -0.17 -0.26 -0.25 -0.29 -0.35 
Valvulina 0.29 0.11 0.38 -0.06 0.38 0.13 0.21 0.53 
% mud -0.27 0.05 -0.14 -0.06 -0.12 -0.19 -0.10 -0.31 
  Affin Artic  Miliol Quin  Siph  Trilo  J sym  Andr  
       (Continued on the next page) 
  
 
 54
Table 7 (Continued) 
 Arch  Laev  Sorit  Amm  Crib  Elph  Hayn  Non  
Affinetrina                 
Articulina                 
Miliolinella                 
Quinqueloculina                 
Siphonaperta                 
Triloculina                 
Juv symb-mil                 
Androsina                 
Archaias 1.00               
Laevipeneroplis 0.56 1.00             
Sorites 0.16 0.34 1.00           
Ammonia -0.58 -0.37 -0.14 1.00         
Cribroelphidium -0.49 -0.27 -0.19 0.77 1.00       
Elphidium -0.11 0.22 0.26 0.08 0.18 1.00     
Haynesina -0.37 -0.26 -0.02 0.44 0.51 0.12 1.00   
Nonion -0.27 -0.16 -0.06 0.37 0.40 0.35 0.37 1.00 
Discorbis -0.03 -0.01 -0.13 -0.10 -0.09 0.19 0.06 0.18 
Neoeponides 0.27 0.29 0.16 -0.54 -0.35 0.16 -0.20 -0.16 
Rosalina 0.25 0.18 0.02 -0.47 -0.33 0.07 -0.13 0.04 
Valvulineria -0.02 0.00 0.05 -0.42 -0.27 0.15 -0.01 0.11 
Bolivina -0.34 -0.16 0.00 0.26 0.33 0.17 0.45 0.40 
Brizalina -0.35 -0.10 0.17 0.20 0.37 0.30 0.54 0.48 
Valvulina 0.45 0.23 0.04 -0.38 -0.33 -0.14 -0.29 -0.36 
% mud -0.22 -0.13 0.10 0.08 0.05 0.12 0.19 0.23 
  Arch  Laev  Sorit  Amm  Crib  Elph  Hayn  Non  
        (Continued on the next page) 
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 Table 7 (Continued) 
 Disc  Neo  Ros  Valv1 Boliv  Briz  Valv2  
Affinetrina               
Articulina               
Miliolinella               
Quinqueloculina               
Siphonaperta               
Triloculina               
Juv symb-mil               
Androsina               
Archaias               
Laevipeneroplis               
Sorites               
Ammonia               
Cribroelphidium               
Elphidium               
Haynesina               
Nonion               
Discorbis 1.00             
Neoeponides 0.09 1.00           
Rosalina 0.17 0.28 1.00         
Valvulineria 0.29 0.53 0.32 1.00       
Bolivina 0.12 0.01 0.05 0.09 1.00     
Brizalina 0.01 -0.04 0.06 0.09 0.66 1.00   
Valvulina -0.07 0.21 0.03 0.15 -0.25 -0.25 1.00 
% mud -0.12 0.07 -0.06 0.14 -0.01 0.17 -0.19 
  Disc  Neo  Ros  Valv1 Boliv  Briz  Valv2  
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  FORAM Index values were computed for all sample sites and are reported in 
Appendix VI.  Several modifications were made to functional groups defined by Hallock 
et al. (2003).  In the FORAM Index calculation, stress-tolerant genera included Ammonia, 
Cribroelphidium, Haynesina, Elphidium, Nonion, Nonionella, and Nonionoides.  All 
other taxa that do not harbor algal symbionts were placed into the category of other, 
heterotrophic taxa.  The 
northern and 
southwestern bay show 
the lowest FORAM 
Index values (Fig. 13). 
Values in open bay range 
from low-mid range to 
the highest, with only 
one sample ≥ 4. 
 
 
 
 
  
    
    
 
Figure 13  Distribution of FORAM Index values throughout Biscayne Bay (with sample 
sites represented according to SIMPER groups)
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Environmental Data 
 
 During the third sample collection, in April 2002, seawater temperature, 
dissolved-oxygen levels, and salinity were measured (Appendix II).  Temperature 
variability was low, with less than a 3°C range throughout the bay.  Salinity and 
dissolved-oxygen concentration had greater site-to-site variability.  A Pearson correlation 
matrix was constructed for measured environmental parameters versus key foraminiferal 
taxa and indices of density and diversity using Statistica (2000).  Table 8 presents 
resulting Pearson's correlation coefficients.  Perhaps most notably, Ammonia and 
Cribroelphidium negatively correlated with both salinity and dissolved oxygen.  Stress-
tolerant Haynesina and Nonion also negatively correlated with dissolved-oxygen 
concentrations.  Articulina, Miliolinella, and Quinqueloculina positively correlated to 
dissolved oxygen.  Articulina, Miliolinella, Neoeponides and several others positively 
correlated with salinity.  Temperature shows a weak, negative correlation with diversity, 
while salinity shows a stronger, positive correlation with diversity.  None of the 
environmental parameters show a significant relationship to density. 
SERC data-collection sites (http://serc.fiu.edu/wqmnetwork/, 2005) are illustrated 
in Figure 14 (a); several SERC collection sites occur farther north and south in the bay 
than our area of study and therefore were not considered; however, the data are 
represented in Appendix IX.  Contour plots [Fig. 14 (b,c,d)] were made for mean 
chlorophyll a (chl a), total organic carbon (TOC), and salinity.  Site groups derived from 
SIMPER analysis (Table 5) are represented on the charts (Fig. 14).  Chlorophyll a is 
highest in the northern portion of the bay, between Miami and Key Biscayne.  The open 
bay shows the lowest concentration of chl a.  Salinity is lowest along the coast near Black 
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Creek Canal.  Nearshore areas to the north and south of Blackpoint exhibit salinities 
closer to normal marine conditions.  The picture of total organic carbon in the bay is 
nearly a perfect inverse image of salinity, showing a maximum off of Black Creek Canal 
and decreasing in the north, south, and offshore directions.  
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Table 8  Correlation matrix of measured environmental variables versus key 
foraminiferal taxa and measures of density and diversity for samples collected in April 
2002  (N=66, highlighted correlations are significant at p<0.05) 
 Temperature Dissolved Salinity 
  Oxygen  
    
Affinetrina 0.12 0.21 0.04 
Articulina 0.02 0.30 0.39 
Miliolinella 0.16 0.28 0.24 
Quinqueloculina 0.14 0.41 0.12 
Siphonaperta -0.22 -0.01 0.17 
Triloculina 0.05 0.24 -0.08 
Juv symb-mil -0.29 -0.07 0.45 
Androsina 0.17 0.19 0.24 
Archaias -0.11 0.03 0.34 
Laevipeneroplis -0.09 0.14 0.32 
Sorites 0.13 0.19 0.12 
Ammonia -0.07 -0.37 -0.52 
Cribroelphidium -0.22 -0.36 -0.26 
Elphidium -0.38 -0.07 0.29 
Haynesina -0.23 -0.35 -0.02 
Nonion -0.28 -0.38 0.12 
Discorbis -0.04 0.09 0.19 
Neoeponides -0.14 0.30 0.40 
Rosalina 0.08 0.12 0.30 
Valvulineria -0.17 0.19 0.43 
Bolivina -0.07 -0.05 0.13 
Brizalina -0.10 0.11 0.25 
Valvulina 0.01 0.23 0.10 
forams/gram 0.00 0.19 -0.17 
# genera -0.34 0.11 0.59 
Fisher index -0.35 0.08 0.59 
Shannon index -0.44 0.07 0.68 
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Figure 14  Contours of environmental data obtained from Southeast Environmental 
Research Center.  (a) SERC collection sites, (b) chl a, (c) TOC, and (d) salinity          
(with sample sites represented according to SIMPER groups)
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Multivariate Analyses 
 
 A Pearson correlation matrix was constructed for geochemical parameters versus 
key foraminiferal taxa and indices of density and diversity using Statistica (2000).  Table 
9 presents resulting Pearson's correlation coefficients. 
 Median grain size showed stronger correlations to foraminiferal genera than did 
percent mud.  Affinetrina, Siphonaperta, Triloculina, Androsina, Archaias, and Valvulina 
each showed a negative correlation to median phi.  On the contrary, Ammonia, 
Cribroelphidium, Haynesina, Nonion, Bolivina, and Brizalina correlated positively with 
median phi. 
Bolivina, Brizalina, Ammonia, Cribroelphidium, and Haynesina each show 
positive (>0.27) correlations with all eight metals of concern.  Conversely, juvenile 
symbiont-bearing miliolids and Miliolinella maintain negative (<-0.35) correlations with 
the metals of concern.  Two other symbiont-bearing foraminifers, Androsina and 
Archaias, also show negative correlations with all eight metals of concern; however, the 
relationships are somewhat weaker (<-0.18).  Of all metals of concern, Hg has the 
strongest correlations, both positive (0.66) and negative (-0.65), with key foraminiferal 
taxa.  
 All metals of concern are negatively correlated to the FORAM Index, with the 
strongest correlation (-0.56) for mercury.  Except for Zn, the metals show virtually no 
correlation to measures of diversity. 
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Table 9 Correlation matrix of geochemical parameters and key foraminiferal taxa 
(N=137, highlighted correlations are significant at p<0.05) (*metals of concern) 
(Continued on next page) 
 
  Ag* Cu* Ni* Pb* Zn* Cr* Hg* Sn* Mn Mo 
Affinetrina -0.19 -0.30 -0.08 -0.30 -0.19 -0.19 -0.36 -0.21 0.27 -0.05 
Articulina -0.28 -0.16 -0.20 -0.13 -0.34 -0.25 -0.27 -0.18 -0.31 -0.26 
Miliolinella -0.37 -0.43 -0.36 -0.41 -0.51 -0.38 -0.65 -0.43 0.01 -0.14 
Quinqueloculina -0.12 -0.23 -0.04 -0.20 -0.16 -0.12 -0.24 -0.15 0.08 -0.11 
Siphonaperta -0.25 -0.22 -0.28 -0.15 -0.40 -0.21 -0.41 -0.27 -0.08 -0.16 
Triloculina 0.06 -0.04 0.10 -0.10 0.18 -0.06 0.04 0.16 0.19 0.00 
Juv Symb-Mil -0.38 -0.39 -0.47 -0.35 -0.57 -0.44 -0.56 -0.39 -0.46 -0.23 
Androsina -0.25 -0.18 -0.28 -0.23 -0.24 -0.25 -0.34 -0.25 -0.11 -0.17 
Archaias -0.37 -0.27 -0.32 -0.23 -0.43 -0.33 -0.51 -0.31 -0.24 -0.26 
Laevipeneroplis -0.26 -0.19 -0.19 -0.15 -0.34 -0.35 -0.37 -0.22 -0.42 -0.20 
Sorites -0.23 -0.09 -0.18 0.03 -0.16 -0.15 -0.14 -0.23 -0.24 -0.20 
Ammonia 0.37 0.39 0.30 0.37 0.49 0.39 0.64 0.32 0.21 0.18 
Cribroelphidium 0.41 0.42 0.28 0.36 0.42 0.39 0.66 0.37 0.13 0.25 
Elphidium -0.02 0.02 -0.10 0.02 -0.12 -0.12 0.03 0.00 -0.42 -0.01 
Haynesina 0.31 0.33 0.30 0.33 0.32 0.44 0.47 0.27 -0.01 0.21 
Nonion 0.13 0.18 0.04 0.25 0.09 0.22 0.23 0.11 -0.29 0.14 
Discorbis 0.14 0.04 -0.04 -0.02 -0.01 -0.04 -0.12 0.13 -0.10 0.13 
Neoeponides -0.35 -0.22 -0.14 -0.03 -0.36 -0.25 -0.34 -0.34 -0.15 -0.30 
Rosalina -0.11 -0.14 -0.13 -0.14 -0.27 -0.11 -0.27 -0.06 -0.03 -0.04 
Valvulineria -0.32 -0.24 -0.13 -0.08 -0.32 -0.22 -0.30 -0.26 -0.18 -0.20 
Bolivina 0.45 0.43 0.40 0.34 0.38 0.45 0.47 0.54 -0.02 0.37 
Brizalina 0.35 0.42 0.26 0.35 0.32 0.35 0.41 0.38 -0.18 0.27 
Valvulina -0.25 -0.16 -0.23 -0.15 -0.21 -0.23 -0.32 -0.28 0.06 -0.04 
forams/gram 0.03 -0.15 0.03 -0.17 0.09 -0.09 0.00 0.06 0.26 0.06 
# genera -0.16 -0.17 -0.11 -0.09 -0.35 -0.13 -0.25 -0.11 -0.43 -0.12 
Fisher index -0.18 -0.14 -0.17 -0.06 -0.35 -0.15 -0.23 -0.13 -0.49 -0.17 
Shannon index -0.10 -0.04 -0.14 0.05 -0.26 -0.08 -0.12 -0.08 -0.42 -0.08 
FORAM index -0.36 -0.31 -0.33 -0.30 -0.42 -0.40 -0.56 -0.31 -0.28 -0.24 
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Table 9 (continued) 
  Bi Ca Co  Fe K Mg Al Ba Na Sr P 
Affinetrina 0.00 0.06 0.08 -0.22 0.17 0.47 -0.06 -0.02 0.15 -0.07 -0.21 
Articulina 0.08 0.04 -0.12 -0.31 -0.03 0.08 -0.31 0.00 0.04 0.14 -0.16 
Miliolinella 0.23 0.20 0.07 -0.48 -0.03 0.41 -0.31 -0.13 -0.07 0.11 -0.45 
Quinqueloculina 0.00 0.02 0.15 -0.20 0.14 0.31 -0.07 0.11 0.10 -0.04 -0.22 
Siphonaperta 0.23 0.21 0.04 -0.26 -0.02 0.22 -0.22 -0.03 -0.02 0.24 -0.33 
Triloculina -0.13 -0.04 0.02 -0.01 0.22 0.14 0.01 0.06 0.20 -0.09 -0.08 
Juv Symb-Mil 0.24 0.07 -0.12 -0.54 -0.10 0.06 -0.47 -0.24 -0.09 0.15 -0.45 
Androsina 0.19 0.11 -0.10 -0.31 0.01 0.14 -0.25 -0.05 0.01 0.09 -0.29 
Archaias 0.29 0.16 -0.03 -0.42 0.06 0.23 -0.38 -0.07 0.07 0.22 -0.38 
Laevipeneroplis 0.23 0.07 -0.11 -0.40 -0.10 -0.03 -0.38 -0.08 -0.10 0.19 -0.26 
Sorites 0.22 0.06 -0.08 -0.20 -0.13 -0.10 -0.26 -0.01 -0.09 0.13 -0.14 
Ammonia -0.29 -0.19 0.00 0.52 -0.04 -0.46 0.45 0.02 -0.07 -0.22 0.38 
Cribroelphidium -0.33 -0.14 -0.09 0.49 -0.11 -0.50 0.38 -0.04 -0.12 -0.12 0.39 
Elphidium 0.04 -0.15 -0.16 -0.07 -0.19 -0.34 -0.17 -0.25 -0.19 0.07 0.04 
Haynesina 0.00 0.03 0.03 0.39 -0.06 -0.29 0.28 0.13 -0.04 0.10 0.27 
Nonion -0.13 -0.16 -0.18 0.24 -0.17 -0.34 0.12 -0.12 -0.12 0.01 0.25 
Discorbis 0.07 -0.01 0.14 0.02 -0.09 0.03 -0.03 -0.01 -0.05 0.02 0.05 
Neoeponides 0.33 0.14 0.09 -0.37 0.02 0.15 -0.34 0.12 0.08 0.20 -0.22 
Rosalina 0.15 0.09 -0.01 -0.16 -0.01 0.29 -0.16 -0.02 -0.01 0.15 -0.11 
Valvulineria 0.21 0.02 0.03 -0.30 0.05 0.19 -0.32 0.04 0.11 0.07 -0.14 
Bolivina -0.12 0.02 0.05 0.44 0.08 -0.03 0.33 0.24 0.18 0.16 0.56 
Brizalina -0.06 -0.06 -0.04 0.34 -0.08 -0.19 0.17 0.09 0.01 0.11 0.46 
Valvulina 0.17 0.09 -0.01 -0.24 0.10 0.23 -0.18 -0.09 0.12 0.03 -0.26 
forams/gram -0.09 -0.02 0.18 -0.07 -0.04 -0.02 0.08 -0.07 -0.17 -0.15 -0.08 
# genera 0.25 0.12 -0.07 -0.27 -0.14 0.02 -0.29 -0.02 -0.07 0.35 -0.14 
Fisher index 0.25 0.07 -0.13 -0.28 -0.15 -0.07 -0.32 -0.05 -0.07 0.33 -0.13 
Shannon index 0.20 0.03 -0.13 -0.17 -0.11 -0.08 -0.22 -0.09 -0.04 0.28 -0.10 
FORAM index 0.28 0.14 -0.08 -0.48 0.05 0.27 -0.41 -0.07 0.06 0.19 -0.41 
 
  
 64
Table 9 (continued) 
  V Y Zr S f/g 
# 
gen Fish Shan 
% 
mud FI 
Med 
Φ 
Affinetrina 0.07 0.06 0.14 -0.14 0.25 -0.09 -0.18 -0.16 -0.27 0.36 -0.46 
Articulina -0.32 -0.37 -0.08 -0.23 -0.35 0.42 0.45 0.42 0.05 0.32 0.01 
Miliolinella -0.22 -0.15 0.15 -0.48 0.09 0.10 0.01 0.00 -0.14 0.52 -0.47 
Quinqueloculina -0.03 -0.06 0.09 -0.07 0.20 0.14 0.04 -0.20 -0.06 0.17 -0.11 
Siphonaperta -0.12 -0.23 0.00 -0.31 -0.23 0.26 0.26 0.31 -0.12 0.58 -0.31 
Triloculina 0.07 0.02 -0.06 0.12 0.22 -0.23 -0.21 -0.04 -0.19 0.08 -0.30 
Juv Symb-Mil -0.41 -0.39 -0.01 -0.56 -0.17 0.31 0.32 0.30 -0.10 0.64 -0.07 
Androsina -0.23 -0.21 0.05 -0.29 -0.05 0.01 0.04 0.10 -0.31 0.77 -0.44 
Archaias -0.27 -0.35 0.01 -0.41 -0.26 0.23 0.27 0.31 -0.22 0.85 -0.41 
Laevipeneroplis -0.45 -0.42 -0.05 -0.39 -0.26 0.39 0.43 0.41 -0.13 0.67 -0.23 
Sorites -0.28 -0.27 0.03 -0.23 -0.14 0.35 0.42 0.27 0.10 0.24 -0.06 
Ammonia 0.32 0.36 0.03 0.45 0.18 -0.42 -0.37 -0.30 0.08 -0.68 0.30 
Cribroelphidium 0.22 0.27 -0.09 0.35 0.03 -0.23 -0.16 -0.06 0.05 -0.62 0.32 
Elphidium -0.29 -0.24 -0.19 -0.22 -0.31 0.50 0.54 0.51 0.12 -0.06 0.19 
Haynesina 0.23 0.30 -0.01 0.31 -0.08 0.07 0.11 0.20 0.19 -0.50 0.42 
Nonion 0.07 0.08 -0.10 0.12 -0.27 0.20 0.25 0.29 0.23 -0.40 0.43 
Discorbis -0.08 -0.04 -0.12 -0.08 -0.09 0.18 0.14 0.28 -0.12 -0.04 0.02 
Neoeponides -0.23 -0.32 0.10 -0.29 -0.25 0.51 0.50 0.46 0.07 0.29 -0.14 
Rosalina -0.10 -0.16 -0.13 -0.23 -0.18 0.36 0.32 0.32 -0.06 0.23 -0.05 
Valvulineria -0.13 -0.23 0.08 -0.20 -0.20 0.40 0.39 0.46 0.14 0.01 0.06 
Bolivina 0.21 0.19 -0.40 0.42 -0.25 0.26 0.27 0.26 -0.01 -0.38 0.35 
Brizalina 0.05 0.06 -0.32 0.31 -0.27 0.34 0.36 0.35 0.17 -0.35 0.35 
Valvulina -0.04 -0.10 0.10 -0.18 -0.11 0.05 0.03 0.21 -0.19 0.49 -0.52 
forams/gram 0.01 0.13 0.09 -0.06 1.00 -0.34 -0.43 -0.46 0.01 -0.20 -0.04 
# genera -0.35 -0.31 -0.17 -0.34 -0.34 1.00 0.95 0.77 0.11 0.28 0.15 
Fisher index -0.37 -0.35 -0.16 -0.35 -0.43 0.95 1.00 0.83 0.09 0.31 0.12 
Shannon index -0.26 -0.26 -0.18 -0.28 -0.46 0.77 0.83 1.00 -0.04 0.33 -0.05 
FORAM index -0.35 -0.40 -0.02 -0.43 -0.20 0.28 0.31 0.33 -0.26 1.00 -0.42 
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PRIMER's BIO-ENV procedure was conducted on data from samples collected in 
April 2002 to examine the extent to which the measured environmental data were related 
to the observed foraminiferal assemblages.  Initially, the procedure was run to determine 
the single environmental variable (percent mud, temperature, dissolved oxygen, or 
salinity) that best described the distribution of the foraminiferal assemblages (Table 10).   
Then, multiple variables were analyzed to determine if an improved correlation existed. 
Salinity was the single environmental variable with the highest correlation to the 
foraminiferal assemblages (0.34).  The analysis of both percent mud and salinity slightly 
improved that correlation (0.40).  
Table 10  BIO-ENV results of measured environmental parameters as correlated to 
foraminiferal assemblage for samples collected in April 2002 
# Variables Correlation Determining Variables 
1 0.338 Salinity 
1 0.268 % Mud 
1 0.239 Dissolved Oxygen 
1 0.180 Temperature 
2 0.401 Salinity, % Mud 
2 0.343 Salinity, Temperature 
3 0.397 Salinity, % Mud, Temperature 
3 0.394 Salinity, % Mud, Dissolved Oxygen 
4 0.395 % Mud, Temperature, Dissolved Oxygen, Salinity 
 
    
The BIO-ENV procedure was also used to compare foraminiferal assemblages 
and geochemical data for all three collections (Table 11).  Hg is single geochemical 
parameter that best describes foraminiferal distributions throughout Biscayne Bay (0.38).  
The inclusion of multiple geochemical variables only slightly improved the correlation of 
Hg alone (i.e., Variables-Hg, Mg, Sr, P, Correlation-0.45). 
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Table 11  BIO-ENV results of measured geochemical parameters as correlated to overall 
foraminiferal assemblage for all three collections 
# Variables Correlation Determining Variables 
1 0.380 Hg 
1 0.326 P 
1 0.312 Fe 
1 0.289 Zn 
1 0.259 S 
2 0.415 Hg, P 
2 0.398 Hg, Sr 
2 0.391 Hg, Fe 
2 0.389 Hg, Sn 
2 0.388 Hg, S 
3 0.427 Hg, P, Sr 
3 0.427 Hg, Mg, P 
3 0.423 Hg, Sn, Hg 
4 0.446 Hg, Mg, Sr, P 
4 0.446 Hg, Mg, Sn, S 
4 0.442 Hg, Fe, Mg, Sn 
4 0.442 Hg, Mg, Sn, Sr 
 
A Bray-Curtis similarity matrix based on the weighted components of the 
FORAM index was constructed.  The BIO-ENV procedure was run to determine what 
geochemical variables best described the weighted assemblage (Table 12).  Mercury had 
the strongest correlation (0.32) to the distribution of the weighted components of the 
FORAM index in Biscayne Bay (Table 12).  
Table 12  BIO-ENV results of measured geochemical parameters as correlated to 
FORAM Index components   
# Variables Correlation Determining Variables 
1  0.324 Hg  
2  0.356 Hg, S 
3  0.390 Hg, S, Mg 
4  0.389 Hg, S, Mg, P 
 
 
The BIO-ENV procedure was run to isolate the foraminiferal genera that best 
describe the total foraminiferal assemblage, thus creating a BIO-BIO procedure (Table 
13).  Miliolinella was the genus whose presence and abundance best reflected the total 
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foraminiferal assemblage (0.57).  In contrast, Ammonia had one of the lowest correlations 
of any single biotic variable (0.15).  Nevertheless, Ammonia and Miliolinella were the 
two genera with the strongest correlation (0.72) to the total foraminiferal assemblage in 
Biscayne Bay. 
Table 13  BIO-BIO results of foraminiferal genera as correlated to overall assemblage 
# Variables Correlation Determining Variables 
1 0.572 Miliolinella 
1 0.153 Ammonia (19 genera ranked higher for 1 variable analysis) 
2 0.716 Miliolinella, Ammonia 
2 0.701 Quinqueloculina, Ammonia 
3 0.782 Miliolinella, Ammonia, Quinqueloculina 
3 0.771 Miliolinella, Ammonia, Valvulineria 
4 0.821 Miliolinella, Ammonia, Affinetrina, Valvulineria 
4 0.820 Miliolinella, Ammonia, Quinqueloculina, Nonion 
5 0.853 Miliolinella, Ammonia, Affinetrina, Nonion, Valvulineria 
5 0.847 Miliolinella, Ammonia, Quinqueloculina, Nonion, 
Valvulineria  
6 0.870 Miliolinella, Ammonia, Quinqueloculina, Affinetrina, Nonion, 
Valvulineria 
7 0.884 Miliolinella, Ammonia, Quinqueloculina, Archaias, Nonion, 
Valvulineria, Affinetrina  
 
 
The BIO-BIO procedure was also used to determine how well the FORAM index 
components match the entire foraminiferal assemblage.  The combination of all three 
weighted components had a 0.686 Spearman-rank correlation to the entire foraminiferal 
distribution, while the distribution of stress-tolerant species alone had a correlation of 
0.617. 
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4.  DISCUSSION 
Limitations of Data 
Samples analyzed in this study were collected in December 2000, July 2001, and 
April 2002.  The first collection targeted sites in northern Biscayne Bay, including 
suspected areas of pollution in the upper part of the bay, along a transect off Black Point 
in southern Biscayne Bay, and several open-bay sites (Hoare, 2002).  The second 
collection included mostly open-bay sites with minimal terrestrial influence.  The third 
collection included 68 sites bay-wide.  Possible temporal variations in heavy metals 
and/or foraminiferal assemblages cannot be differentiated from differences resulting from 
targeted sampling (i.e., suspected areas of pollution vs. open-bay sites).   
Environmental data (temperature, salinity, and dissolved-oxygen concentrations) 
were collected only during the third collection.  This restricted the number of samples 
that could be examined using direct correlation analyses.  Although environmental data 
are available from the Southeast Research Center (2005), sample sites are not identical.  
Use of SERC data are therefore limited to comparison of contoured results. 
In the original design of this study, which preceded my participation, the decision 
was made to conduct geochemical analyses on mud fractions, as opposed to bulk 
samples, because, according to Siegel (2002), metals tend to concentrate in the clay-size 
sediment fraction more than in other size fractions by adsorption onto charged surfaces of 
minerals and associated amorphous solids. To determine if the metals were indeed 
primarily concentrated in the mud fractions, the sand fractions of six samples, two 
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randomly chosen from areas subjectively labeled low, moderately, and highly toxic, were 
sent for geochemical analyses (Appendix V-b).    Each sample contained varying 
amounts of 32 elements, in no direct relationship to concentrations carried in their mud 
fractions (Fig. 15).  Due to the natural porosity of carbonate grains, significant amounts 
of mud can be trapped within the sand fraction of carbonate samples.  Thus, heavy-metal 
concentrations for this study cannot be directly compared with results from studies that 
measured metals in bulk samples. 
Schropp and Windom (1988) normalized metal concentrations to aluminum.  
They described this interpretive tool for Floridian estuaries to determine anthropogenic 
versus natural areas of increased heavy-metal concentrations.  Aluminum was chosen 
because it is the most abundant, naturally occurring metal, it is highly refractory, and its 
concentration is generally not influenced by anthropogenic sources.  However, their work 
was based upon bulk-sediment samples.  Thus, geochemical data from the Biscayne Bay 
study cannot be appropriately analyzed and interpreted by normalizing metal 
concentrations to aluminum, since the ratio of metals to aluminum varies between mud 
and sand fractions (Appendix V-a,b and Fig.11).  
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Other anthropogenic contaminants shown to enter south Florida’s estuaries, 
including polynuclear aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), 
pesticides, herbicides, insecticides, and fungicides (Corcoran et al., 1984; Long and 
Morgan, 1990; Strom et al., 1992; Miles and Pfeuffer, 1997; Scott et al., 2002), were not 
measured.  Data for total organic carbon and nitrogen were available from the SERC 
dataset (2005). 
Similar to previous studies mentioned, sediment-quality assessment guidelines 
(SQAGs) developed for Florida coastal waters by MacDonald (1994) also were based on 
bulk-sediment samples and are thus not directly comparable to my results.  Preliminary 
SQAGs were derived and evaluated for 34 priority substances, including metals, PCBs, 
PAHs, pesticides, chlorinated organic substances (i.e., dioxins), and phthalate esters.  
They were not intended to be used as sediment-quality criteria but were intended to assist 
sediment-quality assessment applications, such as identifying priority areas for non-point-
source management actions, designing wetland-restoration projects, and monitoring 
trends in environmental contamination.  
Long et al. (1995) established effects-range limits (low and medium) for nine 
trace elements, total PCBs, two pesticides, 13 PAHs, and three classes of PAHs, as 
informal screening tools in environmental assessment, to be utilized alongside toxicity 
tests or other measures of biological effects on benthic organisms.  The analytical 
approaches reviewed and included in their (1995) report were based on bulk-sediment 
geochemical analysis.  Thus, the geochemical parameters reported here for Biscayne Bay 
cannot be directly compared to ER-L and ER-M concentrations.   
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Heavy Metals:  Comparisons with other Studies 
Long et al. (1999) measured sedimentological features and concentrations of trace 
metals, pesticides, other chlorinated compounds and PAHs in 226 bulk sediment samples 
in Biscayne Bay.  Sediment samples were tested for toxicity according to (1) amphipod 
survival test, (2) sea-urchin fertility and (3) embryo-development tests, and (4) microbial 
bioluminescence tests (Fig 2).   
Lead contamination was highest in the lower Miami River, exceeding 400 ppm in 
some samples.  Lead concentrations in Coral Gables Canal, Snapper Creek Canal, 
Military Canal, Black Creek Canal, and North Canal, were roughly one order of 
magnitude lower.  Lead levels in the open basin south of Rickenbacker Causeway rarely 
exceeded 5 ppm.  The chemical and toxicity data (Fig. 2), together, indicated that 
sediments from the open basin in the northern and central bay were the least impacted.  
Stations on the western margin of the central bay, on average, ranked highest in toxicity 
but among the lowest in chemical contamination.  In the northwest margin of the bay, the 
opposite pattern was apparent; high chemical contamination, but lower toxicity.  A 
section of southern Biscayne Bay showed remarkably high toxicity that could not be 
explained with the chemical data, indicating that the results of toxicity tests were 
probably not driven by the chemicals that were measured.   
Similar to results of Long et al. (1999), the areas of highest concentrations (up to 
77 ppm of Pb in mud fraction) of heavy metals in mud fractions in my study were found 
in the northwest bay, off Miami and in Black Creek Canal.  Unlike results of Long et al. 
(1999), I detected elevated concentrations of several metals in mud fractions of sediment 
from the southwestern bay, off Turkey Point.  The open bay offshore of Black Creek 
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Canal showed intermediate metal concentrations, indicating potential dispersal of 
contaminants from Black Creek Canal.  Possible reasons for this disparity in the open bay 
include subsurface movement of contaminants, seagrass trapping of fine particles with 
bound metals, or grain-size characteristics of the area.  Salinity data indicated the greatest 
freshwater influence and/or the least flushing offshore from Black Creek Canal.  Total 
organic-carbon concentrations were also highest in sediments from this locale, which is 
near the Black Point Landfill. 
Caccia et al. (2003) reported on the distribution and co-occurrence of selected 
trace metals, not including As, Ag, Sn, and Hg, in Florida Bay, the large estuary 
surrounded by the Everglades to the north and the Florida Keys to the south.  Surface 
sediments were collected at 40 stations across Florida Bay in June, November and 
February 2000-2001.  Nickel, Zn, Cu, Cr, and Pb showed similar distributions.  Biscayne 
Bay also showed a similarity in the occurrence of these metals in addition to Sn and Hg    
(Fig. 7).  Caccia et al. (2003) found most metals to have direct correlations with organic 
carbon.   Seagrasses can trap suspended particulate matter and fine sediments with high 
trace-metal and organic-carbon concentrations, causing their accumulation in seagrass 
beds (Caccia et al., 2003).  This could explain the anomalously high concentrations of Ag 
and Sn in south-central Biscayne Bay, an area reported as a seagrass community        
(Fig. 16).  In my study, I could not determine whether heavy metals correlate with grain 
size, because geochemical measurements were not conducted on bulk samples.  
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Although I found several areas 
with elevated concentrations of the entire 
suite of heavy metals, no two metals of 
concern retained a strong, positive 
correlation coefficient throughout all 
three sample sets.  Absolute metals 
concentrations in coastal sediments are 
influenced by sediment mineralogy, grain 
size, organic content, and anthropogenic 
enrichment (Schropp and Windom, 
1988).  The variety of natural and 
anthropogenic sources (Table 14) of the different metals ensures differences in 
distribution throughout the bay. 
 
Figure 16  Bathymetry Profile of Biscayne Bay (USGS) 
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Table 14  Uses and sources of metals of concern (adapted from Siegel, 2002, p. 40, with 
additions from Novotny, 1995, and Eisler, 1996) 
 As Cd Cr Cu Hg Ni Pb Sn Zn Ag
Alloys x x x x  x x  x  
Batteries and Electro/Chem Cells     x x x  x x 
Biocides (Agriculture, Antifouling) x   x x   x   
Ceramics and Glass x     x x    
Chemicals, Pharmaceuticals, Dental x x x x x  x x x  
Coatings (Anti-Corrosives)  x x    x x x  
Photography           x 
Electrical Equipment and Apparatus    x x      
Fertilizers x x x x x x x  x  
Fossil Fuel Combustion, Electricity x x   x  x   x 
Mining, Smelting, Metallurgy x x x x x x x  x x 
Nuclear Reactor (Mod, Absorber)  x         
Paints and Pigments x x x x  x x  x  
Petroleum Refining x  x x  x x  x  
Pipes, Sheets, Machinery    x   x    
Plastics  x     x  x  
Pulp and Paper   x x x x x    
Rubber         x  
Semi-conductors, Super-conductors x       x   
Tanning and Textiles x  x x       
Wood Preservation Treatment x  x x     x  
Metal corrosion, urban runoff   x x     x  
Roofs, runoff from  x x x  x x  x  
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Foraminiferal Distributions throughout Biscayne Bay 
To determine if identifiable assemblages of foraminifers were characteristic of 
regions of Biscayne Bay, I used Q-mode cluster analysis, then analyzed resulting groups 
using the SIMPER procedure (e.g., Clarke and Warrick, 2001).  These analyses 
distinguished three groups of sites, which I labeled A, B, and C (Table 5).  Within the B 
group, three subgroups were further distinguished.  
Sites characterized by the Group A assemblage had mean foraminiferal 
abundances that were more than three times higher than any other group                  
(Table 6, Fig. 11), while taxonomic diversity at these sites was relatively low.  This group 
primarily occurred at sites between Black Creek Canal and Turkey Point, where salinity 
was lowest and TOC was highest (Fig. 14).  Thus, salinity likely reduced diversity, while 
abundant food was available to support high densities of species that tolerated the salinity 
stress.  Together Ammonia and Quinqueloculina made up 46% of the assemblage, 
resulting in a mean FORAM Index of 1.86 (Table 6), reflecting those stresses.  
Group B sites were dominated by smaller miliolid foraminifers (Table 6).  The 
sites characterized by subgroup B-1 were distributed throughout the north-central part of 
the bay (Fig. 11).  Subgroup B-1 exhibited the lowest average density (Fig. 11), less 
contribution from symbiont-bearing foraminifers than subgroups B-2 and B-3, and the 
greatest similarity to group C.  Subgroup B-2 assemblages occurred at sites farthest from 
anthropogenic influence, showed the greatest diversity, and had the highest contribution 
from symbiont-bearing miliolids. Subgroup B-3 assemblages, with intermediate values of 
diversity and density, dominated sites in the southern, open bay.  Characteristics of 
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Subgroup B-3 share similarities with those of assemblages in Group A.  Mean FORAM 
Indices were 2.04, 2.74, and 2.64 for B-1, B-2, and B-3 respectively (Table 6).  Sites with 
FORAM Indices >3 all occurred in subgroups B-2 and B-3, had a median grain size of 2 
phi, contained less than 20% mud (Table 15), and some samples likely were collected 
from hardbottom communities (Figs. 11 and 16). 
Table 15  Summary data for samples with FORAM indices >3.0 
 
SS-
17 
SS-
22 
SS-
43 
SS-
44 
III- 
6 
III-
14 
III-
16 
III-
17 
III-
22 
III-
26 
III-
36 
SIMPER Group B-3 B-3 B-3 B-3 B-3 B-2 B-2 B-2 B-3 B-2 B-3 
Forams/Gram 1281 1539 308 1652 300 495 634 579 1487 289 814 
Number of Genera 21 15 14 22 16 28 22 26 20 24 18 
Fisher index 6.85 4.11 3.98 6.62 4.81 10.57 7.22 8.86 6.41 8.37 5.37 
Shannon Index 1.04 0.99 0.79 1.03 1.01 1.18 1.12 1.13 1.09 1.17 0.99 
% Mud 10.33 3.04 0.71 7.62 7.60 19.59 16.31 14.09 11.18 7.81 5.42 
Φ, Median Grain 
Size 2.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 
FORAM Index 3.38 3.05 3.83 3.77 3.46 3.99 3.38 3.12 3.65 5.06 3.25 
 
Group C sites, which occurred mostly in the northern portion of the bay closest to 
urban Miami influence, were dominated by Ammonia and other stress-tolerant taxa.  This 
dominance is reflected in the mean FORAM Index, 1.58, the lowest of any group.  This 
group exhibited the lowest density, despite its occurrence primarily in fine sands and 
mud.  Although Long et al. (1999) found sediments from this area of the bay to exhibit 
relatively low toxicity, the stressors apparently are chronic, as indicated by the low 
densities of foraminifers, dominance by stress-tolerant taxa, and the low abundances of 
ubiquitous miliolids.  This enigmatic combination may indicate that in-situ production of 
tests by stress-tolerant taxa is suppressed by unfavorable conditions, and that mixing 
processes (e.g., waves, currents, boat traffic) transport small numbers of diverse smaller 
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taxa into the area, thereby anomalously elevating diversity, while possibly somewhat 
diluting toxicity. 
Three factors appear to strongly influence distributions of foraminifers throughout 
Biscayne Bay.  Freshwater had the strongest influence on group A along the southwest 
margin.  Freshwater influence is represented by decreased salinity and increased TOC 
(Fig. 14).  The influences of urban pollution marked group C in the northern sector.  
Finally, oceanic influence characterized subgroup B-2, found in the east,-central sector.  
Subgroup B-3, found in the southern sector of the bay, was the least impacted by any one 
influence and was a relatively characteristic subtropical estuarine foraminiferal 
assemblage.   When these interpretations were placed on the MDS plot (Fig. 17), 
subgroup B-1 was evident not only as intermediate between urban and oceanic 
influences, but also as an intermediate between impacted (group C) and relatively 
unimpacted (subgroup B-3) subtropical estuarine foraminifers. 
C
A
B-3
B-2
B-1
O
Stress: 0.16
Oceanic 
Freshwater 
Urban 
Estuarine:    
Relatively-Unimpacted 
 
Figure 17  MDS plot of sample sites represented by SIMPER groups showing urban, 
ocean, freshwater, and estuarine influences 
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Alve (1995) described foraminiferal stress response to organic pollution. As 
pollution increases, populations of tolerant species increase at the expense of more 
sensitive taxa, so opportunistic species bloom and dominate (e.g., characteristic of my 
Group A sites).  However, in a study of a fjord in western Norway, Alve (1991) found 
that increased heavy-metal pollution corresponded with an impoverished foraminiferal 
abundance (more analogous to my Group C sites).   
Contour plots were constructed of the distributions of Ammonia and Miliolinella 
to elucidate the distribution of these two key taxa in Biscayne Bay (Fig. 18).  Whereas 
Ammonia was nearly absent throughout the open bay [Fig. 18(a)], the genus was 
predominant in the northern portion of the bay, between the mainland and Key Biscayne, 
and nearshore in the southern bay close to canal sites.  Miliolinella was rare in the 
northern bay, increased in abundance in the central bay, and reached maximum 
abundance in the southern bay, offshore. 
In my study, individuals identified as Miliolinella included a high proportion of 
juveniles.  The presence of abundant Miliolinella can indicate abundant food sources and 
reproductive blooms, while lower abundances can possibly reflect introduction by 
physical processes.  This group alone best described the entire foraminiferal assemblage 
(0.572), and in combination with Ammonia that correlation is increased (0.716) (Table 
18).  
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Figure 18  Distribution of relative abundance of (a) Ammonia and (b) Miliolinella with 
sample sites represented by SIMPER groups (white areas indicated insufficient 
information to contour) 
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Figure 19 illustrates the relative abundance of stress-tolerant taxa including 
Ammonia, Cribroelphidium, Elphidium, Haynesina, and Nonion.  The distribution is 
consistent with that of Ammonia alone [Fig. 18(a)].  However, the areas of dominance 
expand.  The stress-tolerant assemblage in the northern bay extends farther south than the 
Ammonia alone.  Likewise, the assemblage along the southern margin of the bay extends 
farther seaward. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19  Distribution of the relative abundance of Ammonia, 
Cribroelphidium, Haynesina, Elphidium, and Nonion (with sample sites 
represented by SIMPER groups) 
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Foraminiferal Assemblages:  Comparisons with Previous Studies 
Bush (1958) identified Ammonia (which he called Streblus) in his 1948 collection 
as the twelfth most common foraminifer in the bay, characteristic of areas directly 
affected by dilution by fresh water and weak currents.  Ammonia was present in nearly 
all, and predominant (>10%) in 5 out of 16, of Bush’s (1958) northern bay sites and at its 
maximum, 52.5%, south of Black Creek Canal.   Bush described a nearshore biotope 
affected by surface-water runoff from nearby land and drainage canals characterized by 
the presence of Ammonia.  He identified Ammonia in the northern bay as well as in 
several open-bay sites.  Andersen (1975) reported that Ammonia dominated the western 
margin of the bay. 
Ishman et al. (1997) identified three distinct assemblages in Biscayne Bay: an 
Ammonia-Elphidium assemblage, an Archaias-miliolid assemblage, and a bolivinid 
assemblage.  The Ammonia-Elphidium assemblage was predominant in restricted 
environments (salinities <35) in northern Biscayne Bay, Barnes Sound, and in adjacent 
freshwater-discharge points.   The Archaias-miliolid assemblage was predominant at sites 
situated in unrestricted, open-marine central and southern Biscayne Bay.  The bolivinid 
assemblage occurred in the northernmost Biscayne Bay, associated with diatomaceous 
muds that are rich in organic matter, indicating high productivity (Ishman et al., 1997).  
Samples were not collected from the northernmost sector of the bay for my study.  
Bolivinids tend to be tolerant of hypoxia and can dominate where organic carbon is 
abundant (Ishman et al., 1997) 
Almasi (1978) reported on the ecology and color variation of benthic foraminifers 
in Barnes Sound, northeast Florida Bay.  That historical study cannot recreate the 
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foraminiferal distribution throughout Biscayne Bay due to its limited coverage.  
However, I performed a cluster analyses (Fig. 20) of foraminiferal genera based on a 
Bray-Curtis similarity matrix of Almasi’s row-standardized generic data.  Foraminifers 
described as Elphidium galvestonense were included as Cribroelphidium for consistency 
with my taxonomy.   
In Almasi’s (1978) study, several taxa were present in low abundances (always 
<5%) in many of the samples.  Ammonia, Cribroelphidium, Quinqueloculina, 
Triloculina, Valvulina, and Archaias dominated the samples and formed two clusters  
(Fig. 20).  Group 1-A is composed of Ammonia and Cribroelphidium, linking at 71% 
similarity, with Miliolinella fusing with the two at 55% similarity.  In group 2-A 
Quinqueloculina and Triloculina fuse first at 71% similarity, followed by Valvulina 
(67%) and Archaias (59%).  The major difference of this cluster with my results from 
Biscayne Bay (Fig. 13) is the linkage of Miliolinella with the stress-tolerant genera. 
However, Miliolinella links to group 1-A just before groups 1-A and 2-A fuse.   
1-A 
2-A 
 
Figure  20 Cluster analysis of foraminiferal genera using data from Almasi (1978) 
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I utilized R-mode cluster analyses (Parker and Arnold, 1999) to determine which 
foraminiferal genera tended to occur together, running the analysis on data from each 
collection separately, and data from all samples combined.  These analyses also enable 
comparison with functional groups defined by Hallock et al. (2003) for use in the 
FORAM Index. The assemblages of key foraminiferal taxa in my study show a 
reasonably consistent picture among collection dates.  However, several taxa did 
fluctuate in their associations. 
In the overall analysis, Elphidium clustered with the smaller, heterotrophic taxa.  
However, in separate analysis of the first samples collected, Elphidium clustered with the 
stress-tolerant genera.  This is not surprising, since Elphidium has been shown to 
withstand low-oxygen levels (Bernhard and Sen Gupta, 1999), marine pollution (Yanko 
et al., 1999), and other stress.  Elphidium, as well as Haynesina, Nonion, Nonionella, 
Bulimina, Fursenkoina, and Reophax, have been shown to sequester chloroplasts 
(Bernhard and Bowser, 1999).  It is unknown whether the host benefits from 
photosynthetic activity of the sequestered chloroplasts or from an as yet unidentified 
biochemical pathway associated with the chloroplasts (Bernhard and Bowser, 1999).  
Regardless, this relationship apparently gives Elphidium and other taxa an ecological 
advantage in low-oxygen and other stressed environments.  
Sorites was present in only 12% of the total samples and never accounted for 
more than 5% of the population in any sample.  Sorites, an endosymbiont-bearing 
miliolid, was absent from all samples collected in December 2000 and was an outlier in 
samples from the other collections.  Fujita and Hallock (1999) reported that Sorites 
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appears to favor primary phytal substrates, particularity Thalassia blades, over 
epiphytized substrates, and predicted that Sorites populations would decline when 
nutrient pollution stimulated epiphytic growth on seagrass.  Bush (1958) observed Sorites 
to be representative of the northeast portion of Biscayne Bay, an area influenced by the 
open ocean, and present in up to 10 % abundance.  In my study, Sorites never accounted 
for more than 2% of any sample in northeast Biscayne Bay.  This disparity indicates a 
change in habitat for Sorites in the past 50 years in northeastern Biscayne Bay. 
 Members of taxonomic group 3-T (Fig. 13) include two agglutinated taxa, three 
groups of closely related and physically similar symbiont-bearing taxa, and juvenile 
symbiont-bearing foraminifers not identifiable to genus. Fluctuations among collections 
may represent a recent bloom (Buzas et al., 2002) or lack of comparable results for the 
more rare taxa.  
Archaias, the most abundant symbiont-bearing foraminifer that I identified, 
accounted for 16% of one sample and never more than 11% of the assemblage at any 
other site.  In contrast, Bush (1958), reporting on samples collected in 1948, showed 
Archaias to be abundant throughout central and southern (average >18%) Biscayne Bay.  
Bush (1958) and I saw Archaias to be rare in the northern bay.  Present distributions of 
both Archaias and Sorites indicate substantial decline in water and sediment quality in 
the central and southern bay over the past half century.  Archaias tolerates eurytopic 
conditions (Fujita and Hallock, 1999), except with respect to hypoxia (Hallock and 
Peebles, 1993).  Symbiont-bearing miliolids show a positive correlation to salinity that 
cannot be distinguished from a possible negative correlation with TOC, whose contoured 
data are a mirror image of salinity.     
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Some agglutinated foraminifers, such as Reophax (Scott et al., 2005) and 
Trochammina (Zalensky, 1959) are pollution indicators.  However, the most common 
agglutinates identified in this study, Valvulina and Siphonaperta, cluster with symbiont-
bearing foraminifers that are indicative of more pristine environments (Hallock et al., 
2003).  These two genera secrete calcite cements (Loeblich and Tappan, 1987) and 
therefore likely require near-normal marine salinities.  When FORAM Indices were 
recalculated to include this cluster, calcium became one of the elements accounting for 
the foraminiferal distribution (correlation=0.346, variables=Ag, Ca, Mg, S, Hg).  Further 
research is required to distinguish among taxonomic groups of agglutinates as to which 
are stress-tolerant and which are not.   
Bolivina and Brizalina were strongly correlated with each other and less strongly 
with other stress-tolerant taxa.  These genera and other buliminids (i.e., Fursenkoina, 
Alve, 2003) have been shown to tolerate high TOC and low-oxygen conditions (Bernhard 
and Sen Gupta, 1999).  Including these genera in the stress-tolerant taxa improved the 
correlation between the FORAM Indices and potential stressors (correlation=0.371, 
variables = Ag, Fe, Mg, S, Hg ).  I recommend that foraminifers belonging to the order 
Buliminida be grouped with other stress-tolerant taxa in calculating the FORAM Index.   
Recommendations for Future Work 
The Sediment Quality Triad developed in the mid 1980s by Long and Chapman is 
a conceptual framework for collecting synoptic measurements of sediment chemistry, 
toxicity, and benthos, and the use of these measures collectively to assess relative 
sediment quality (Chapman et al., 1997).  My study included the sediment chemistry and 
the benthos.  Salinity (0.338) and Hg (0.380) correlated with the foraminiferal 
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assemblages, however did not account for all of the biological variability.  Sampling and 
analyses of TOC, PAHs, PCBs, and biocides could elucidate the contributions of food 
sources and toxins on foraminiferal distributions.   
My study did not investigate the speciation and therefore bioavailability of the 
elements assessed.  Further field and laboratory research could clarify the correlation 
between foraminifers and chemical species, and consequent toxicity of heavy metals of 
concern.  Future laboratory toxicity studies of concentration thresholds, reproductive 
inhibition, and presence of heavy metals in foraminiferal tests may also help to clarify the 
relationship between heavy metals and foraminifers. 
Arsenic and cadmium, while metals of concern, have not been discussed in this 
analysis because of their low levels of occurrence.  Long et al. (1995) reported biological 
effects of concentrations as low as 8.2 ppm for As and 1.2 for Cd.  However, the 
detection limits of ICP-OES techniques used in this study are 10 ppm for As and 0.5 for 
Cd (Table 1).  Therefore, my data on the distributions of arsenic and cadmium in 
Biscayne Bay are inconclusive.  More sensitive techniques on bulk samples are 
recommended. 
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5.  CONCLUSIONS 
• Heavy metals of concern, Cr, Ni, Pb, Sn, Hg, Cu, and Zn, co-occurred in Biscayne 
Bay.  Ag clustered with elements characteristic of clay minerals (Al, Na, K), wetland 
soils (Fe), and several rare-earth elements. 
• Muds from northern Biscayne Bay, off Miami, showed highest concentrations of 
metals of concern, followed by muds from the southern bay near Turkey Point.  
Elevated concentrations of metals were also documented in muds from in the south-
central bay, off Black Creek Canal. 
• Three groups characterize foraminiferal distributions in Biscayne Bay.  Smaller, 
heterotrophic taxa are dominated by Miliolinella, Quinqueloculina, Affinetrina, and 
Triloculina.  Ammonia, planispiral rotaliids, and buliminids exhibit stress-tolerance.  
The agglutinated genera, Valvulina and Siphonaperta, co-occur with symbiont-
bearing miliolids. 
• Northern Biscayne Bay is characterized by stress-tolerant taxa present in relatively 
high diversity and low abundance.  Highest abundances and lowest diversities are 
found in assemblages dominated by Ammonia and Quinqueloculina that occur along 
the periphery of the southern bay between Black Creek Canal and Turkey Point.  
Open-bay sites show intermediate abundances and the highest diversities of smaller 
miliolids and rotaliids; symbiont-bearing taxa account for approximately 10% of this 
assemblage. 
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• Symbiont-bearing taxa, as well as several smaller, heterotrophic genera, correlate 
positively with salinity and negatively with heavy metals.  Several smaller 
heterotrophs correlate positively with dissolved-oxygen concentration. 
• Stress-tolerant rotaliids and buliminids correlate positively to metals of concern.  
While the rotaliids correlate negatively to salinity, Brizalina shows a positive 
relationship. 
• Measured parameters do not account for all of the biological variability, and further 
research is recommended to identify other potential controlling factors. 
• The FORAM Indices provided an effective weight-of-evidence approach for 
comparing conditions throughout Biscayne Bay, as evidenced by average FORAM 
Indices of SIMPER groups. 
• Over the past 60 years, the decline in prevalence of foraminifers with algal 
symbionts, and the increased prevalence of stress-tolerant genera, reflects declining 
water and sediment quality. 
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APPENDICES 
Appendix I List of genera identified in Biscayne Bay (including this study)
*Foraminiferal taxa were omitted because taxonomy was outdated or incorrect
Final List  Deletions*
Adelosina Cymbaloporetta Nodobaculariella Stetsonia Anomalina
Affinetrina Discammina Nodosariidae Textularia Aschemonella
Allogromia Discorbis Nonion Trifarina Cibicidella
Ammobaculites Elphidiella Nonionella Triloculina Cribrononion
Ammodiscus Elphidium Nonionoides Trochammina Cribrostomoides
Ammonia Eponides Nubecularia Uvigerina Cyclogyra
Ammotium Fissurina Nummoloculina Valvulina Cymbalopora
Amphistegina Floresina Patellina Valvulineria Dendritina
Androsina Fursenkoina Peneroplis Vertebralina Discorinopsis
Anomalinoides Glabratella Planorbulina Wiesnerella Edentostomina
Archaias Glabratellina Polymorphina Florilus
Articulina Globigerina Pseudoclavulina Gallowayus
Asterigerina Globigerinella Pseudonodosaria Gaudryina
Astrononion Globigerinoides Pulleniatina Loxostomum
Bigenerina Globocassidulina Pyrgo Neoalveolina
Bolivina Globorotalia Quinqueloculina Praesorites
Bolivinella Globulina Rectobolivina Pseudobolivina
Bolivinellina Guttulina Reophax Pseudopatellinoides
Bolivinita Hanzawaia Reussella Recurvoides
Borelis Haplophragmoides Robertinoides Rhizammina
Brizalina Hauerina Rosalina Rotalia
Broeckina Haynesina Rotaliammina Streblus
Bulimina Heterostegina Sagrina Tretomphalus
Buliminella Homotrema Sigmavirgulina Trillina
Buliminoides Hopkinsinella Sigmoilina Virgulina
Calcituba Jadammina Siphogenerina
Cancris Lachlanella Siphonaperta
Carpenteria Laevipeneroplis Siphonina
Cassidulina Lagena Sorites
Cibicides Lamarckina Spirillina
Clavulina Liebusella Spirolina
Cornuspira Massilina Spiroloculina
Cornuspiramia Miliammina Stainforthia
Cornuspiroides Miliolinella
Cribroelphidium Monalysidium
Cyclofornia Neoconorbina
Cyclorbiculina Neoeponides
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Appendix I continued
Stubbs (1940) Bush (1949) Bush (1958) Cole (1974)
Amphistegina Amphistegina Amphistegina Sigmoilina Ammonia
Archaias Anomalina Archaias Siphonina Ammotium
Borelis Archaias Articulina Sorites Archaias
Cibicides Articulina Asterigerina Spirillina Articulina
Clavulina Asterigerina Bigenerina Spiroloculina Bolivina
Discorbis Bigenerina Bolivina Streblus Carterina
Elphidium Borelis Cancris Textularia Cribroelphidium
Hauerina Clavulina Cassidulina Tretomphalus Cyclogyra
Massilina Cornuspira Cibicides Triloculina Discorbis
Monalysidium Cymbalopora Clavulina Valvulina Elphidium
Peneroplis Dendritina Cornuspira Vertebralina Miliolinella
Planorbulina Discorbis Cornuspiramia Virgulina Nonion
Pyrgo Elphidium Cornuspiroides Wiesnerella Nubecularia
Quinqueloculina Flintina Cymbaloporetta Planorbulina
Rotalia Globigerina Discorbis Quinqueloculina
Siphonina Globigerinoides Elphidium Rosalina
Sorites Globorotalia Gallowayus Sorites
Spirolina Guttulina Globigerinella Spiroloculina
Spiroloculina Massilina Globigerinoides Textularia
Textularia Miliolinella Globorotalia Triloculina
Triloculina Nonion Globulina Trochammina
Valvulina Nonionella Heterostegina Valvulina
Vertebralina Parrina Homotrema Valvulineria
Peneroplis Loxostomum
Pulleniatina Massilina
Pyrgo Neoalveolina
Quinqueloculina Nonionella
Rotalia Nummoloculina
Sorites Peneroplis
Spirolina Planorbulina
Spiroloculina Praesorites
Textularia Pyrgo
Trillina Quinqueloculina
Triloculina Rectobolivina
Valvulina Rhizammina
Vertebralina Rotalia
Virgulina Schlumbergerina
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Appendix I continued
Tisserand
Andersen (1975) Goldstein (1976) Almasi (1978) Delclos (1979)
Ammobaculites Massilina Allogromia Ammonia Ammonia
Ammonia Miliammina Ammobaculites Archaias Archaias
Ammotium Miliolinella Ammodiscus Articulina Articulina
Amphistegina Monalysidium Ammonia Clavulina Asterigerina
Archaias Neoconorbina Archaias Cribroelphidium Cymbaloporetta
Articulina Nodobaculariella Articulina Discorbis Discorbis
Asterigerina Nonion Aschemonella Elphidium Elphidium
Astrononion Nonionella Astrononion Massilina Eponides
Bigenerina Nubecularia Bigenerina Miliolinella Heterostegina
Bolivina Peneroplis Calcituba Nonion Nonion
Bolivinita Planorbulina Carpenteria Pyrgo Peneroplis
Borelis Pseudobolivina Clavulina Quinqueloculina Quinqueloculina
Broeckina Pseudonodosaria Cribroelphidium Rosalina Sorites
Bulimina Pyrgo Discorbis Sorites Textularia
Buliminella Quinqueloculina Discorinopsis Spiroloculina Triloculina
Buliminoides Rectobolivina Elphidium Triloculina
Cassidulina Reophax Haplophragmoides Valvulina
Cibicides Reussella Jadammina
Clavulina Rosalina Massilina
Cribroelphidium Rotalia Miliammina
Cyclogyra Rotaliammina Miliolinella
Cyclorbiculina Sagrina Planorbulina
Cymbaloporetta Sigmavirgulina Pyrgo
Discorbis Siphogenerina Quinqueloculina
Edentostomina Siphonina Reophax
Elphidium Spirillina Rosalina
Fissurina Spirolina Sigmoilina
Florilus Spiroloculina Sorites
Fursenkoina Stetsonia Spiroloculina
Guttulina Textularia Textularia
Hanzawaia Tretomphalus Triloculina
Haplophragmoides Trifarina Trochammina
Hauerina Triloculina
Heterostegina Trochammina
Lagena Uvigerina
Lamarckina Valvulina
Loxostomum Wiesnerella
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Appendix I continued
Ishman (1997) Hoare (2002)
Ammobaculites Stainforthia Adelosina Polymorphina
Ammonia Textularia Ammobaculites Pseudopatellinoides
Amphistegina Triloculina Ammonia Pyrgo
Archaias Trochammina Androsina Quinqueloculina
Articulina Uvigerina Anomalinoides Reophax
Asterigerina Valvulina Archaias Robertinoides
Astrononion Valvulineria Articulina Rosalina
Bolivina Wiesnerella Asterigerina Sagrina
Bulimina Bigenerina Siphonaperta
Buliminella Bolivina Spirillina
Cassidulina Bolivinellina Spirolina
Cibicides Brizalina Spiroloculina
Clavulina Bulimina Textularia
Cribrostomoides Buliminella Triloculina
Cyclogyra Cibicides Uvigerina
Discorbis Clavulina Valvulina
Elphidium Cribroelphidium
Florilus Cymbaloporetta
Fursenkoina Discammina
Gaudryina Discorbis
Globocassidulina Elphidiella
Miliolinella Elphidium
Nodobaculariella Eponides
Nodosariidae Glabratella
Nonionella Glabratellina
Nubecularia Laevipeneroplis
Patellina Liebusella
Peneroplis Miliolinella
Planktonic Monalysidium
Pseudoclavulina Neoconorbina
Pyrgo Neoeponides
Quinqueloculina Nodobaculariella
Rectobolivina Nonion
Recurvoides Nonionoides
Rosalina Patellina
Sorites Peneroplis
Spiroloculina Planorbulina
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Appendix II  Sample collection details 
(ND= no data) 
Sample Latitude Longitude Date Sample Latitude Longitude Date
S-1 25.724 -80.232 12/24/2000 SS-7 25.509 -80.274 7/12/2001
S-2 25.720 -80.230 12/24/2000 SS-8 25.483 -80.282 7/11/2001
S-3 25.725 -80.230 12/24/2000 SS-9 25.445 -80.318 7/12/2001
S-4 25.725 -80.229 12/24/2000 SS-10 25.395 -80.215 7/11/2001
S-5 25.724 -80.231 12/24/2000 SS-11 25.455 -80.216 7/12/2001
S-6 25.715 -80.229 12/24/2000 SS-12 25.450 -80.208 7/12/2001
S-7 25.680 -80.262 12/24/2000 SS-13 25.464 -80.293 7/12/2001
S-8 25.660 -80.262 12/24/2000 SS-14 25.450 -80.311 7/12/2001
S-9 25.667 -80.249 12/24/2000 SS-15 25.479 -80.194 7/12/2001
S-10 25.667 -80.256 12/24/2000 SS-16 25.495 -80.239 7/12/2001
S-11 25.679 -80.260 12/24/2000 SS-17 25.484 -80.266 7/11/2001
S-12 25.598 -80.237 12/24/2000 SS-18 25.454 -80.335 7/12/2001
S-13 25.667 -80.263 12/24/2000 SS-19 25.389 -80.192 7/11/2001
S-14 25.667 -80.254 12/24/2000 SS-20 25.446 -80.329 7/12/2001
S-15 25.667 -80.260 12/24/2000 SS-21 25.473 -80.340 7/12/2001
S-16 25.700 -80.172 12/24/2000 SS-22 25.489 -80.323 7/12/2001
S-17 25.700 -80.172 12/24/2000 SS-23 25.491 -80.339 7/12/2001
S-18 25.531 -80.330 12/24/2000 SS-24 25.476 -80.329 7/12/2001
S-19 25.528 -80.325 12/24/2000 SS-25 25.490 -80.339 7/12/2001
S-20 25.524 -80.231 12/24/2000 SS-26 25.475 -80.335 7/12/2001
S-21 25.526 -80.330 12/26/2000 SS-27 25.460 -80.221 7/12/2001
S-22 25.530 -80.328 12/26/2000 SS-28 25.474 -80.339 7/12/2001
S-23 25.522 -80.307 12/26/2000 SS-29 25.473 -80.290 7/11/2001
S-24 25.521 -80.302 12/26/2000 SS-30 25.473 -80.317 7/12/2001
S-25 25.723 -80.231 12/26/2000 SS-31 25.501 -80.263 7/12/2001
S-26 25.719 -80.236 12/26/2000 SS-32 25.456 -80.304 7/12/2001
S-27 25.718 -80.234 12/26/2000 SS-33 25.455 -80.331 7/12/2001
S-28 25.720 -80.238 12/26/2000 SS-34 25.460 -80.298 7/12/2001
S-29 25.726 -80.232 12/26/2000 SS-35 25.456 -80.324 7/12/2001
S-30 25.721 -80.238 12/26/2000 SS-36 25.488 -80.339 7/12/2001
S-31 25.729 -80.232 12/26/2000 SS-37 25.490 -80.333 7/12/2001
S-32 25.722 -80.242 12/26/2000 SS-38 25.455 -80.334 7/12/2001
S-33 25.717 -80.232 12/26/2000 SS-39 25.490 -80.336 7/12/2001
SS-1 25.456 -80.319 7/12/2001 SS-40 25.484 -80.256 7/12/2001
SS-2 25.468 -80.288 7/11/2001 SS-41 25.477 -80.192 7/12/2001
SS-3 25.481 -80.292 7/11/2001 SS-42 25.484 -80.212 7/12/2001
SS-4 25.441 -80.323 7/12/2001 SS-43 25.428 -80.212 7/12/2001
SS-5 25.490 -80.329 7/12/2001 SS-44 25.410 -80.246 7/12/2001
SS-6 25.439 -80.320 7/12/2001
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Appendix II continued Temp D.O. D.O. Sp Con Salinity
 (ND= no data)  (*C) (%) (mg/L)  (µS/cm) (ppt)
Sample Lat Long Date
III-1 25.421 -80.326 4/15/2002 28.25 154.5 8.78 ND ND
III-2 25.420 -80.322 4/15/2002 27.00 106.7 8.56 43110 27.8
III-3 25.418 -80.316 4/15/2002 26.88 107.4 6.81 57067 38.0
III-4 25.410 -80.301 4/15/2002 26.99 109.1 6.94 56266 37.5
III-5 25.404 -80.289 4/15/2002 26.84 128.9 8.23 56236 37.4
III-6 25.400 -80.282 4/15/2002 27.04 116.9 7.41 55691 37.0
III-7 25.394 -80.270 4/15/2002 26.51 104.6 6.68 56227 37.4
III-8 25.388 -80.258 4/15/2002 26.60 110.3 7.06 55883 37.3
III-9 25.386 -80.251 4/15/2002 ND ND ND ND ND
III-10 25.396 -80.237 4/15/2002 27.41 117.5 7.61 52461 34.6
III-11 25.502 -80.191 4/15/2002 27.17 121.6 7.60 55043 36.6
III-12 25.512 -80.190 4/15/2002 26.68 124.3 7.92 55464 36.9
III-13 25.525 -80.176 4/15/2002 26.31 103.3 6.54 55441 36.8
III-14 25.527 -80.195 4/15/2002 26.71 129.3 8.37 55364 36.8
III-15 25.530 -80.199 4/15/2002 ND ND ND ND ND
III-16 25.533 -80.203 4/15/2002 26.35 118.9 7.68 55479 36.9
III-17 25.538 -80.214 4/15/2002 26.78 128.3 8.19 55754 37.1
III-18 25.532 -80.228 4/15/2002 ND ND ND ND ND
III-19 25.539 -80.312 4/15/2002 26.21 82.2 5.62 37637 23.9
III-20 25.538 -80.310 4/15/2002 26.06 87.7 6.17 36538 23.1
III-21 25.400 -80.291 4/15/2002 26.05 90.5 6.17 46633 30.4
III-22 25.539 -80.275 4/16/2002 25.76 99.1 6.45 53047 35.1
III-23 25.534 -80.259 4/16/2002 25.87 112.5 7.12 55124 36.6
III-24 25.538 -80.245 4/16/2002 25.95 95.4 6.22 56032 37.3
III-25 25.538 -80.234 4/16/2002 25.99 158.1 6.86 55791 37.1
III-26 25.538 -80.217 4/16/2002 25.81 92.6 6.04 55691 37.0
III-27 25.541 -80.193 4/16/2002 26.25 100.5 6.62 55549 36.9
III-28 25.543 -80.178 4/16/2002 26.23 104.7 6.77 55404 36.9
III-29 25.558 -80.195 4/16/2002 26.21 126.8 6.81 55698 37.1
III-30 25.580 -80.172 4/16/2002 26.59 103.3 6.68 55434 36.9
III-31 25.584 -80.190 4/16/2002 25.91 152.1 7.53 55594 37.0
III-32 25.585 -80.194 4/16/2002 26.20 97.6 6.30 55977 37.2
III-33 25.587 -80.210 4/16/2002 25.73 97.8 6.35 55832 37.1
III-34 25.591 -80.229 4/16/2002 25.91 100.7 6.61 56159 37.4
III-35 25.593 -80.247 4/16/2002 26.14 96.9 6.22 56516 37.6
III-36 25.597 -80.270 4/16/2002 26.38 97.0 6.17 55158 36.7
III-37 25.602 -80.296 4/16/2002 26.79 108.2 7.07 49118 32.2
III-38 25.603 -80.305 4/16/2002 27.49 104.3 6.86 45977 29.9
III-39 25.604 -80.307 4/16/2002 27.95 140.7 9.26 44617 28.8
III-40 25.629 -80.278 4/16/2002 27.78 143.0 9.26 49092 32.2
III-41 25.630 -80.269 4/16/2002 26.60 116.1 7.62 51032 33.6
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Appendix II continued Temp D.O. D.O. Sp Con Salinity 
 (ND= no data)  (*C) (%) (mg/L)  (µS/cm) (ppt)
Sample Lat Long Date
III-42 25.630 -80.253 4/16/2002 26.35 106.9 6.94 55714 37.0
III-43 25.632 -80.239 4/16/2002 26.21 107.5 6.92 56837 37.9
III-44 25.633 -80.226 4/16/2002 26.16 107.2 6.95 56788 37.9
III-45 25.628 -80.210 4/16/2002 26.00 107.6 6.95 56285 37.5
III-46 25.642 -80.192 4/16/2002 26.11 102.6 6.65 55513 36.9
III-47 25.641 -80.180 4/16/2002 26.34 105.4 6.81 55245 36.7
III-48 25.641 -80.150 4/16/2002 26.40 100.2 6.42 55074 36.6
III-49 25.640 -80.146 4/16/2002 ND ND ND ND ND
III-50 25.664 -80.172 4/16/2002 27.00 113.5 7.29 54607 36.3
III-51 25.663 -80.185 4/16/2002 26.14 108.3 6.87 54783 36.3
III-52 25.661 -80.201 4/16/2002 26.12 106.1 6.85 55584 37.0
III-53 25.658 -80.221 4/16/2002 26.30 109.7 7.05 56681 37.7
III-54 25.654 -80.245 4/17/2002 26.39 124.1 8.08 54498 36.1
III-55 25.655 -80.257 4/17/2002 26.94 112.2 7.21 51475 33.9
III-56 25.657 -80.267 4/17/2002 26.70 87.7 5.87 48509 31.8
III-57 25.715 -80.170 4/17/2002 25.86 87.6 5.82 54121 36.0
III-58 25.717 -80.165 4/17/2002 25.96 92.6 6.06 54057 36.0
III-59 25.725 -80.157 4/17/2002 25.69 72.4 5.08 54572 36.2
III-60 25.734 -80.171 4/17/2002 26.12 94.2 6.12 52991 35.1
III-61 25.735 -80.182 4/17/2002 25.96 91.2 6.00 52778 35.0
III-62 25.736 -80.196 4/17/2002 25.91 92.5 6.23 51765 34.1
III-63 25.744 -80.210 4/17/2002 26.22 88.9 5.89 50506 33.2
III-64 25.734 -80.211 4/17/2002 26.29 88.1 5.82 50276 33.0
III-65 25.708 -80.189 4/17/2002 25.92 97.5 6.49 54399 36.1
III-66 25.725 -80.204 4/17/2002 25.85 96.9 6.41 52015 34.3
III-67 25.716 -80.196 4/17/2002 25.90 95.5 6.21 54146 35.9
III-68 25.700 -80.186 4/17/2002 25.97 92.5 6.06 54348 36.0
III-69 25.520 -80.254 4/17/2002 25.92 119.6 7.15 56299 37.5
III-70 25.528 -80.271 4/17/2002 26.11 94.7 6.13 55784 37.1
III-71 25.520 -80.281 4/17/2002 26.27 92.7 6.05 53328 35.3
III-72 25.537 -80.333 4/17/2002 27.41 53.0 3.73 29408 18.2
III-73 25.525 -80.313 4/17/2002 26.83 111.0 7.75 37147 23.5
Temp D.O. D.O. Sp Con Salinity 
(*C) (%) (mg/L) (µS/cm) (ppt)
Max 28.25 158.1 9.26 57067 38.0
Min 25.73 82.2 5.62 36538 23.1
Mean 26.56 112.9 7.14 52950 35.0
St Dev 0.63 18.7 0.92 5279 3.9
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Appendix III  Samples deleted from various analyses                                                        
(F=Foraminiferal Assemblage Analyses, G-S=Grain-Size Analyses, E=Environmental 
Analsyses, M=Analyses of Metals) 
Sample Analyses 
Excluded 
From 
Why? 
S-8 F Micropaleontological slide lost, I was not able to 
reidentify sample with consistent taxonomy  
S-13 F Total number of foraminifers too small to analyze  
SS-11 F, G-S No grain-size data recorded 
SS-12 F, G-S No grain-size data recorded 
SS-23 F, G-S Subsample lost 
SS-33 F, G-S Incomplete grain-size data recorded 
SS-36 F, G-S Incomplete grain-size data recorded 
SS-37 F, G-S Incomplete grain-size data recorded 
III-1 E Salinity was not reported for this site 
III-9 F,G-S, E, M Original sample lost 
III-15 E No environmental data were reported for this site 
III-18 F, G-S, E, M Original sample lost 
III-48 F, G-S Foraminifers were all reworked 
III-49 F, G-S, M Sample contained no mud to analyze 
geochemically, foraminifers were all reworked 
III-63 F, G-S Subsample lost 
 
  
 
Appendix IV Grain size reported as weight percent
SAMPLE Median >2 mm >1 mm >0.5 mm > 0.25 mm> 0.125 mm>0.063 mm <0.063 mm
  Φ -1 0 1 2 3 4 >4
S-1 3 0.21 1.10 2.14 26.65 55.97 6.80 7.12
S-2 3 0.00 0.21 2.05 35.84 53.97 3.69 4.24
S-3 3 0.06 0.40 0.86 23.22 58.37 7.50 9.59
S-4 3 0.25 0.25 3.43 43.12 45.11 2.78 5.07
S-5 3 0.03 0.39 0.81 20.68 55.59 8.65 13.85
S-6 3 0.32 0.03 3.88 43.57 46.46 2.75 3.00
S-7 3 3.69 1.58 2.67 19.53 54.41 6.14 11.98
S-8 3 1.67 0.99 9.16 30.07 49.06 4.90 4.16
S-9 2 5.11 1.70 11.32 32.88 41.08 3.17 4.73
S-10 2 0.97 1.03 11.45 37.14 38.90 3.88 6.63
S-11 3 23.78 3.98 3.74 11.46 26.94 6.05 24.05
S-12 3 1.74 2.46 3.73 33.67 50.20 1.65 6.56
S-13 3 7.28 3.13 2.52 28.06 54.94 1.53 2.53
S-14 >4 2.84 1.16 4.57 13.96 17.97 1.17 58.32
S-15 2 7.81 4.73 9.01 32.56 42.18 2.04 1.69
S-16 >4 0.01 0.54 0.41 8.77 13.13 13.06 64.08
S-17 3 17.24 3.05 5.78 17.55 26.71 5.80 23.87
S-18 3 10.20 5.46 6.69 8.80 23.64 11.24 33.98
S-19 2 19.82 13.67 12.43 10.51 13.74 4.16 25.68
S-20 1 3.59 19.47 30.86 18.14 16.94 2.97 8.03
S-21 2 11.58 17.61 18.77 14.22 18.14 5.40 14.29
S-22 2 14.35 15.48 12.67 11.83 18.88 8.13 18.65
S-23 2 8.43 14.87 25.94 16.25 14.87 3.87 15.78
S-24 1 14.43 13.80 24.14 16.15 14.97 3.70 12.81
S-25 3 1.31 1.73 5.15 36.23 47.81 4.11 3.65
S-26 3 0.00 0.50 3.37 40.69 50.41 4.78 0.25
S-27 3 0.00 0.47 5.01 38.75 47.65 4.96 3.15
S-28 3 1.68 1.61 6.28 34.12 29.94 21.83 4.53
S-29 1 31.19 16.45 12.41 15.91 10.11 2.30 11.63
S-30 3 1.34 0.99 2.75 26.17 33.73 30.92 4.10
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Appendix IV continued
SAMPLE Median >2 mm >1 mm >0.5 mm > 0.25 mm> 0.125 mm>0.063 mm <0.063 mm
  Φ -1 0 1 2 3 4 >4
S-31 4 3.57 2.12 2.10 10.30 28.47 14.89 38.55
S-32 3 1.29 2.22 3.29 18.38 59.39 12.28 3.14
S-33 3 0.08 0.42 3.87 44.21 46.94 4.01 0.47
SS-1 1 4.04 12.20 35.24 24.90 18.35 4.11 1.14
SS-2 4 1.34 1.84 3.77 9.93 24.07 17.32 41.73
SS-3 1 1.55 19.30 32.55 18.37 18.11 6.11 4.02
SS-4 >4 6.38 1.28 1.68 2.41 4.89 5.97 77.39
SS-5 1 27.16 21.13 11.90 10.83 10.60 9.31 9.06
SS-6 1 32.98 8.20 11.76 14.08 10.61 7.04 15.33
SS-7 2 8.50 8.77 22.75 17.76 18.20 7.46 16.56
SS-8 3 0.39 4.78 10.28 12.79 37.10 22.14 12.52
SS-9 3 1.57 3.57 8.73 16.36 25.99 9.70 34.08
SS-10 2 21.12 10.21 10.95 13.27 15.70 11.68 17.07
SS-13 >4 3.89 0.97 1.63 4.08 13.56 12.63 63.25
SS-14 3 13.67 3.12 5.07 9.33 19.46 6.89 42.46
SS-15 3 3.88 3.95 7.56 17.91 39.76 10.62 16.32
SS-16 2 9.81 4.30 8.46 32.74 34.31 3.29 7.09
SS-17 2 4.45 6.14 16.81 23.87 31.42 6.99 10.33
SS-18 0 43.79 7.08 6.14 6.70 4.69 4.74 26.86
SS-19 3 6.16 6.42 8.98 15.01 21.50 21.23 20.70
SS-20 0 41.35 9.65 11.29 11.11 8.01 5.01 13.57
SS-21 0 39.15 15.05 8.83 11.63 8.17 5.95 11.23
SS-22 1 22.24 23.30 26.44 15.80 0.51 8.67 3.04
SS-24 3 20.66 8.91 10.27 9.65 10.27 7.78 32.46
SS-25 >4 16.85 8.93 6.50 5.69 6.11 5.35 50.57
SS-26 1 28.75 20.88 16.30 13.92 8.97 4.76 6.41
SS-27 2 0.33 1.27 11.61 43.27 35.12 3.48 4.91
SS-28 2 27.41 9.95 8.95 12.60 15.60 9.95 15.56
SS-29 1 12.05 23.28 32.72 16.39 10.40 3.44 1.72
SS-30 1 17.53 17.24 31.40 13.52 9.87 5.11 5.33
SS-31 3 9.81 10.87 9.73 11.70 14.99 9.28 33.61
108
Appendix IV continued
SAMPLE Median >2 mm >1 mm >0.5 mm > 0.25 mm> 0.125 mm>0.063 mm <0.063 mm
  Φ -1 0 1 2 3 4 >4
SS-32 >4 3.26 0.82 0.94 2.55 8.39 7.49 76.55
SS-34 >4 3.25 1.06 1.78 5.25 12.42 10.59 65.65
SS-35 1 23.60 21.32 23.25 12.49 9.85 6.45 3.05
SS-38 -1 67.13 1.98 4.02 3.74 2.86 1.49 18.78
SS-39 2 18.00 10.36 11.64 17.64 22.18 13.09 7.09
SS-40 3 8.18 4.73 7.96 13.89 32.15 9.56 23.53
SS-41 3 7.00 8.33 13.12 13.79 35.39 14.16 8.20
SS-42 3 6.72 2.91 7.34 24.84 29.43 6.26 22.49
SS-43 2 2.32 6.88 19.36 43.36 25.90 1.46 0.71
SS-44 2 7.30 7.70 15.16 29.67 29.18 3.36 7.62
III-1 >4 17.30 3.79 3.79 7.13 5.77 2.88 59.33
III-2 2 7.50 8.51 12.98 21.55 29.77 8.65 11.05
III-3 3 8.35 8.16 8.35 14.23 39.68 7.43 13.79
III-4 2 1.23 11.35 19.44 23.85 37.73 2.10 4.29
III-5 2 13.84 9.48 9.06 30.08 31.15 1.24 5.16
III-6 2 1.07 5.20 12.24 39.86 33.17 0.85 7.60
III-7 2 0.00 0.61 11.62 52.61 31.32 0.06 3.77
III-8 2 19.33 13.54 16.28 22.46 16.20 5.79 6.42
III-10 3 12.59 12.93 11.14 10.03 10.37 5.53 37.41
III-11 1 33.01 9.80 7.67 9.28 6.64 2.77 30.83
III-12 3 7.78 4.78 6.81 17.65 25.45 6.21 31.32
III-13 >4 2.89 2.39 2.95 5.49 16.45 6.48 63.35
III-14 2 15.04 5.53 8.46 30.35 17.37 3.65 19.59
III-15 -1 53.20 14.72 6.03 4.14 1.33 0.84 19.74
III-16 2 15.37 9.50 13.29 25.04 16.23 4.25 16.31
III-17 2 11.86 7.66 7.13 31.56 25.95 1.75 14.09
III-19 3 13.81 6.54 5.90 9.90 37.06 7.81 18.98
III-20 1 25.24 14.38 16.18 10.17 9.52 2.03 22.47
III-21 1 10.68 18.60 21.24 11.28 24.60 5.16 8.43
III-22 2 3.04 11.53 25.88 19.81 24.85 3.71 11.18
III-23 2 27.30 9.41 8.82 7.24 7.24 8.32 31.66
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Appendix IV continued
SAMPLE Median >2 mm >1 mm >0.5 mm > 0.25 mm> 0.125 mm>0.063 mm <0.063 mm
  Φ -1 0 1 2 3 4 >4
III-24 >4 17.64 12.39 7.88 4.76 3.53 2.30 51.52
III-25 4 24.24 9.78 4.67 3.97 5.33 2.62 49.39
III-26 2 20.21 6.68 14.64 29.07 18.57 3.02 7.81
III-27 >4 19.49 6.59 4.53 4.12 3.23 2.54 59.51
III-28 >4 12.98 2.06 2.50 2.56 4.12 3.75 72.03
III-29 2 18.37 9.56 9.51 12.97 10.70 5.51 33.39
III-30 >4 24.36 4.39 3.46 3.80 3.97 4.22 55.80
III-31 >4 11.44 8.71 8.65 9.12 6.81 4.29 50.99
III-32 3 13.70 11.66 9.55 11.73 11.07 7.91 34.39
III-33 2 3.76 3.90 7.94 36.40 34.42 2.74 10.84
III-34 2 7.63 3.77 11.67 32.41 31.78 2.83 9.92
III-35 3 1.67 2.04 3.28 15.22 61.94 3.03 12.81
III-36 2 3.75 5.07 18.00 25.79 39.59 2.36 5.42
III-37 2 6.40 10.17 19.35 20.06 26.60 3.34 14.08
III-38 3 0.41 0.46 1.32 21.80 70.11 3.70 2.21
III-39 2 22.43 6.14 7.54 16.15 22.83 2.47 22.43
III-40 >4 18.33 1.96 1.64 2.95 4.42 1.47 69.23
III-41 3 21.03 5.67 8.70 14.37 17.17 1.66 31.39
III-42 3 10.39 2.23 6.29 19.10 50.09 2.73 9.16
III-43 3 0.98 2.33 5.32 26.15 53.54 2.58 9.09
III-44 2 1.90 2.76 6.86 44.86 34.99 1.29 7.35
III-45 >4 5.71 2.13 4.06 14.05 17.60 5.11 51.35
III-46 >4 6.95 4.28 5.51 7.19 13.38 10.23 52.47
III-47 3 1.27 2.89 6.70 15.89 34.31 13.04 25.90
III-48 3 14.15 1.59 2.21 16.18 61.01 2.21 2.64
III-49 3 0.13 2.29 10.50 42.97 43.41 0.70 0.00
III-50 4 16.88 10.06 7.45 6.19 8.16 12.38 38.89
III-51 4 3.43 3.53 4.27 7.10 16.15 19.72 45.80
III-52 3 29.24 6.93 5.49 7.97 10.08 6.60 33.69
III-53 3 4.35 3.43 5.55 34.40 34.29 3.10 14.87
III-54 3 2.92 1.59 5.11 19.06 47.56 4.92 18.83
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Appendix IV continued
SAMPLE Median >2 mm >1 mm >0.5 mm > 0.25 mm> 0.125 mm>0.063 mm <0.063 mm
  Φ -1 0 1 2 3 4 >4
III-55 2 1.86 9.65 25.22 27.78 26.73 3.49 5.29
III-56 4 5.38 2.22 4.18 12.98 21.86 6.40 46.97
III-57 3 4.15 2.08 3.92 10.39 70.40 7.73 1.33
III-58 3 4.15 1.14 2.43 8.66 38.77 7.37 37.48
III-59 >4 1.08 0.31 0.31 0.46 0.89 2.79 94.16
III-60 2 19.26 6.48 7.99 22.82 24.01 7.80 11.64
III-61 3 4.38 2.85 3.56 14.23 25.94 12.56 36.48
III-62 2 0.58 0.58 4.95 63.05 23.72 1.44 5.68
III-64 3 0.47 0.13 3.19 39.93 51.27 2.68 2.34
III-65 3 3.03 1.24 3.53 40.50 40.87 3.33 7.50
III-66 >4 2.32 2.32 3.78 11.51 15.15 9.55 55.37
III-67 >4 1.24 1.19 1.68 2.85 8.96 13.12 70.96
III-68 >4 2.97 1.24 1.81 3.19 18.65 15.68 56.46
III-69 0 45.39 9.22 6.16 5.10 4.79 3.27 26.07
III-70 2 5.09 10.17 20.72 15.19 15.96 5.72 27.15
III-71 3 4.24 7.96 20.32 17.14 25.42 8.32 16.61
III-72 >4 3.20 1.85 2.78 3.63 3.54 1.52 83.47
III-73 >4 9.68 2.82 2.22 3.83 5.24 18.55 57.66
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Appendix V-a  Concentrations of 32 elements measured in the mud fraction
ND denotes concentrations below detection limits
SAMPLE S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8
Ag (ppm) 1.45 1.19 0.87 1.23 1.35 1.13 1.06 0.76
Cd (ppm) ND ND ND ND ND ND ND ND
Cu (ppm) 231.96 116.95 136.74 228.50 179.64 42.23 185.35 20.00
Mn (ppm) 43.42 36.28 25.30 31.69 36.89 31.22 15.16 19.69
Mo (ppm) 4.66 3.54 3.08 7.53 4.06 4.79 7.72 2.77
Ni (ppm) 9.25 14.61 8.47 10.24 12.89 68.95 9.70 15.83
Pb (ppm) 43.98 34.61 36.31 44.82 40.75 21.84 35.05 4.26
Zn (ppm) 160.02 157.01 113.33 171.91 136.16 99.29 190.40 40.55
Al (%) 0.50 0.68 0.44 0.54 0.51 0.36 0.34 0.12
Al (ppm) 4982.44 6784.97 4445.77 5384.83 5063.42 3575.65 3394.10 1231.25
As (ppm) ND ND ND ND ND ND ND ND
Ba (ppm) 21.60 29.12 15.65 25.84 21.26 54.93 16.61 18.37
Be (ppm) ND ND ND ND ND ND ND ND
Bi (ppm) ND ND ND ND ND ND ND ND
Ca (%) 28.93 24.84 18.19 21.97 28.14 24.01 25.95 19.08
Co (ppm) ND ND ND ND ND 1.66 ND ND
Cr (ppm) 28.39 32.81 22.98 32.92 29.09 19.29 20.68 6.77
Fe (%) 1.43 1.32 0.94 1.34 1.23 0.57 0.74 0.27
K (%) 0.04 0.05 0.03 0.08 0.03 0.22 0.06 0.23
Mg (%) 0.66 0.95 0.52 0.73 0.60 1.54 0.60 1.58
Na (%) 0.47 0.91 0.57 1.89 0.43 6.37 1.45 7.17
P (%) 0.04 0.04 0.03 0.05 0.03 0.04 0.05 0.01
Sb (ppm) ND ND ND ND ND ND ND ND
Sc (ppm) ND 1.08 ND ND ND ND ND ND
Sn (ppm) 39.41 31.81 29.11 34.72 44.16 42.88 37.09 30.96
Sr (ppm) 3086.38 3224.45 2105.10 2579.70 3209.64 2110.16 3150.64 2505.43
Ti (%) ND ND ND ND ND ND ND ND
V (ppm) 18.11 24.04 13.83 18.03 16.22 12.88 11.27 7.20
W (ppm) ND ND ND ND ND ND ND ND
Y (ppm) 4.39 5.74 3.40 4.28 4.59 3.02 3.09 1.40
Zr (ppm) ND ND ND ND ND ND ND ND
S (%) 1.52 1.58 1.14 1.65 1.43 1.30 1.37 1.08
Hg (ppb) 385.67 274.36 389.35 390.08 465.14 91.01 166.00 39.54
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Appendix V-a  continued
ND denotes concentrations below detection limits
SAMPLE S-9 S-10 S-11 S-12 S-13 S-14 S-15 S-16
Ag (ppm) 0.64 0.97 1.09 1.32 1.41 1.08 0.75 1.64
Cd (ppm) ND ND ND ND 1.03 ND ND ND
Cu (ppm) 85.93 27.01 191.69 4.13 250.06 28.75 42.09 20.01
Mn (ppm) 19.11 35.54 16.57 12.19 94.25 39.69 41.15 17.45
Mo (ppm) 19.98 2.97 5.05 ND 10.34 2.76 4.61 4.59
Ni (ppm) 13.32 12.71 32.60 4.79 49.32 14.74 9.32 5.13
Pb (ppm) 27.91 14.50 33.49 ND 14.15 16.56 12.85 6.51
Zn (ppm) 130.04 46.82 181.27 4.27 287.86 57.26 160.24 36.87
Al (%) 0.26 0.17 0.25 0.04 0.15 0.19 0.19 0.11
Al (ppm) 2649.90 1681.88 2481.83 423.13 1536.21 1938.31 1899.76 1079.61
As (ppm) 13.55 ND ND ND 39.37 ND ND ND
Ba (ppm) 23.94 22.07 14.96 16.14 71.26 23.76 25.87 16.22
Be (ppm) ND ND ND ND ND ND ND ND
Bi (ppm) ND ND ND ND ND ND ND ND
Ca (%) 12.71 21.69 23.36 29.81 19.83 24.79 21.47 34.39
Co (ppm) ND ND ND ND 2.23 ND ND ND
Cr (ppm) 14.64 9.64 18.85 5.10 11.48 11.73 9.98 13.71
Fe (%) 0.86 0.46 0.80 0.07 0.41 0.53 0.60 0.40
K (%) 0.17 0.22 0.10 0.12 1.58 0.06 0.10 0.01
Mg (%) 1.21 1.54 0.78 1.52 3.69 1.25 1.23 0.95
Na (%) 4.57 4.84 2.65 3.95 25.39 1.37 2.98 0.25
P (%) 0.11 0.20 0.15 0.02 0.10 0.07 0.04 0.02
Sb (ppm) ND ND ND ND ND ND ND ND
Sc (ppm) ND ND ND ND ND ND ND ND
Sn (ppm) 21.31 27.79 37.13 38.74 62.93 34.89 33.57 44.78
Sr (ppm) 1225.68 2347.56 2901.51 5655.44 1328.88 2685.71 2045.16 6499.43
Ti (%) ND ND ND ND ND ND ND ND
V (ppm) 24.66 7.27 8.15 3.45 7.71 9.25 10.04 7.33
W (ppm) ND ND ND ND ND ND ND ND
Y (ppm) 2.10 1.62 3.14 1.11 ND 1.99 1.45 2.58
Zr (ppm) ND ND ND ND ND ND ND ND
S (%) 2.34 0.98 1.51 0.53 3.35 0.76 0.92 0.58
Hg (ppb) 82.24 64.24 180.94 19.00 78.39 69.86 50.42 77.00
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
S-17 S-18 S-19 S-20 S-21 S-22 S-23 S-24
1.54 1.25 0.87 0.54 0.54 0.59 0.80 0.67
ND ND ND ND ND ND ND ND
15.72 21.28 20.39 16.24 17.01 22.46 17.36 16.29
17.45 45.26 31.31 38.81 23.72 23.46 38.56 40.65
7.07 2.62 2.55 ND 2.54 2.50 3.71 2.23
6.17 6.49 12.49 8.01 4.75 7.99 5.43 9.52
6.03 5.73 3.91 4.24 8.42 5.98 3.50 5.08
77.58 50.00 46.99 29.62 37.18 40.04 41.39 24.03
0.15 0.26 0.13 0.08 0.08 0.08 0.13 0.05
1548.91 2647.89 1268.69 829.97 782.09 774.23 1256.34 539.33
ND ND ND ND ND ND ND ND
16.34 18.92 17.71 13.40 15.23 17.33 20.83 15.96
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
32.94 30.38 22.49 15.38 21.90 21.55 25.43 18.79
ND 1.03 ND 2.23 ND ND ND ND
14.31 9.19 5.37 3.83 7.27 5.11 7.86 3.57
0.35 0.41 0.33 0.20 0.21 0.21 0.35 0.14
0.04 0.05 0.14 0.61 0.03 0.09 0.03 0.29
0.94 0.80 1.12 1.39 0.92 0.90 0.97 1.67
0.83 0.81 3.39 7.06 0.65 0.27 0.61 6.95
0.05 0.04 0.04 0.02 0.03 0.02 0.03 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
38.70 42.14 29.90 23.67 41.12 39.02 49.52 23.31
6457.38 3264.53 2239.00 1858.88 1607.52 2576.86 2350.82 2280.45
ND ND ND ND ND ND ND ND
8.98 4.27 6.47 6.81 7.93 6.83 7.97 6.60
ND ND ND ND ND ND ND ND
3.13 3.24 1.62 ND 2.34 2.51 2.26 ND
ND ND ND ND ND ND ND ND
0.57 0.75 0.96 0.44 0.56 0.53 0.61 0.50
77.00 91.43 69.12 54.17 41.00 47.00 19.97 88.98
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
S-25 S-26 S-27 S-28 S-29 S-30 S-31 S-32
0.91 0.78 0.69 0.80 1.93 0.98 2.07 0.90
ND ND ND ND ND ND ND ND
216.43 111.92 87.21 365.99 410.85 194.06 368.08 151.76
31.66 23.17 31.14 31.94 47.00 27.93 47.96 33.73
4.65 5.35 2.88 7.42 3.91 4.66 4.26 3.12
11.33 11.95 26.77 13.39 12.28 12.31 11.45 10.73
41.85 21.15 29.98 37.21 77.30 46.75 70.74 18.12
287.07 247.77 115.01 482.99 250.27 237.46 264.20 141.77
0.41 0.33 0.56 0.39 0.71 0.39 0.63 0.13
4058.71 3306.69 5550.49 3928.87 7096.26 3895.89 6314.90 1321.75
ND ND ND ND ND ND ND ND
19.86 28.87 23.57 30.30 29.27 23.31 26.00 22.03
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
22.50 18.01 16.52 16.56 32.39 20.28 33.11 22.28
ND ND ND 1.41 ND ND ND ND
25.14 18.09 26.33 21.48 40.57 25.81 33.82 14.16
1.14 0.67 0.96 0.80 1.54 1.03 1.65 0.77
0.06 0.16 0.16 0.17 0.04 0.08 0.06 0.07
0.76 1.07 1.23 1.15 0.63 0.62 0.71 0.50
1.48 4.00 3.68 4.50 0.40 1.75 0.99 1.56
0.04 0.04 0.04 0.12 0.07 0.05 0.06 0.08
ND ND ND ND ND ND ND ND
ND ND ND ND 1.03 ND ND ND
28.43 30.08 22.50 31.53 49.40 36.48 43.91 35.31
2804.77 1116.47 2129.72 2180.09 3915.37 2475.17 3858.11 1980.12
ND ND ND ND ND ND ND ND
16.81 12.00 27.60 10.78 16.73 13.41 16.66 5.13
ND ND ND ND ND ND ND ND
4.03 2.91 4.64 3.25 4.75 3.47 4.64 1.88
ND ND ND ND ND ND ND ND
1.38 1.14 1.30 1.51 0.87 1.45 1.02 0.98
289.58 164.13 136.84 457.34 953.91 348.23 990.79 606.94
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
S-33 SS-1 SS-2 SS-3 SS-4 SS-5 SS-6 SS-7
0.58 0.35 ND ND 0.65 ND ND ND
ND ND ND ND ND ND ND ND
37.98 9.21 24.59 14.70 31.20 15.59 15.73 36.71
33.27 50.73 43.28 25.72 47.98 36.36 33.65 30.23
2.88 2.91 ND ND 5.91 ND ND ND
15.19 1.82 14.07 7.16 7.71 6.57 11.42 8.37
9.02 6.29 20.96 15.49 9.52 15.87 16.18 16.12
58.42 3.64 20.05 29.80 29.79 29.67 26.51 1.70
0.12 0.10 0.22 0.13 0.26 0.15 0.24 0.16
1231.15 988.44 2215.50 1297.01 2580.37 1458.94 2433.95 1632.92
ND ND ND ND ND ND ND ND
16.03 11.66 25.16 22.84 16.58 22.94 25.37 26.99
ND ND ND ND ND ND ND ND
ND ND 13.27 10.09 ND ND 10.32 12.46
14.66 30.64 39.07 28.57 31.27 29.20 29.85 38.73
ND ND ND ND ND ND ND ND
9.29 5.49 11.47 8.07 13.74 7.31 11.51 9.49
0.32 0.33 0.34 0.26 0.63 0.19 0.31 0.21
0.29 0.09 0.03 0.20 0.03 0.11 0.03 0.02
1.41 1.50 1.32 1.40 1.08 1.12 0.63 1.19
7.50 1.70 0.39 5.80 0.17 2.91 0.42 0.25
0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
23.41 ND ND ND 12.28 ND ND 12.33
1707.27 2532.08 3882.51 2900.41 2972.82 2440.57 2314.03 4227.80
ND ND ND ND ND ND ND ND
7.39 12.81 6.25 14.86 13.95 6.20 6.54 4.98
ND ND ND ND ND ND ND ND
1.76 2.42 3.08 1.90 4.08 2.06 2.94 2.17
ND 1.23 3.91 3.38 3.69 4.51 5.91 3.83
0.85 0.36 0.43 1.00 0.58 0.72 0.65 0.37
79.07 27.34 75.62 30.72 53.18 91.14 56.90 32.32
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
SS-8 SS-9 SS-10 SS-11 SS-12 SS-13 SS-14 SS-15
0.49 1.16 0.39 0.39 ND 0.43 0.39 0.43
ND ND ND ND ND ND ND ND
3.18 11.21 4.74 3.07 6.56 8.27 6.85 4.86
26.96 51.44 8.65 7.38 6.72 47.69 43.16 8.40
3.50 4.96 2.84 3.44 ND 3.27 3.90 2.85
1.76 5.27 2.91 2.20 2.13 3.79 2.38 1.25
3.53 6.59 ND 2.34 12.83 6.01 5.09 3.31
ND 6.87 ND ND 2.12 ND ND ND
0.11 0.20 0.02 0.05 0.04 0.15 0.13 0.03
1065.85 1978.62 172.48 495.35 351.27 1480.18 1286.13 266.35
ND ND ND ND ND ND ND ND
11.35 11.55 10.91 11.16 29.10 11.95 10.96 16.13
ND ND ND ND ND ND ND ND
ND ND ND ND 14.66 ND ND ND
34.22 32.78 34.77 31.21 40.06 30.55 31.42 36.02
ND ND ND ND ND ND ND ND
6.19 9.40 3.60 5.04 7.17 7.08 6.34 4.77
0.15 0.33 0.03 0.07 0.05 0.25 0.22 0.04
0.03 0.02 0.01 0.02 0.02 0.05 0.02 0.01
1.47 1.43 0.96 0.95 1.05 1.29 1.41 1.34
0.54 0.17 0.22 0.36 0.61 0.18 0.24 0.25
0.00 0.01 0.01 0.00 0.01 0.01 0.01 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND 10.32 12.04 ND ND ND 10.88
3756.63 2836.39 4927.13 4485.22 5114.67 3259.92 2872.61 4617.90
ND ND ND ND ND ND ND ND
10.34 8.70 ND 2.14 2.62 4.63 6.70 1.71
ND ND ND ND ND ND ND ND
2.15 3.84 1.04 1.61 1.32 2.55 2.82 1.21
1.58 2.21 ND ND 2.49 1.41 1.72 ND
0.26 0.43 0.16 0.20 0.34 0.28 0.32 0.23
9.29 33.32 7.83 8.66 19.06 16.60 20.69 10.11
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
SS-16 SS-17 SS-18 SS-19 SS-20 SS-21 SS-22 SS-23
0.41 0.44 0.43 0.47 0.44 ND ND 0.76
ND ND ND ND ND ND ND ND
78.54 12.24 23.36 14.13 9.59 19.27 15.25 63.83
28.29 21.96 41.16 14.84 41.10 41.55 37.98 33.64
3.94 2.99 18.12 3.25 4.01 ND ND 6.61
ND 2.65 11.49 4.60 2.82 9.03 5.25 7.18
2.13 3.60 13.67 ND 6.41 17.81 10.25 6.53
ND ND 19.16 ND ND 20.28 24.00 20.27
0.07 0.07 0.50 0.01 0.17 0.38 0.13 0.39
703.26 657.29 4950.55 149.86 1724.28 3830.32 1342.59 3922.68
ND ND ND ND ND ND ND ND
13.59 10.84 15.52 13.00 14.23 23.94 21.22 12.62
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND 10.41 ND
35.45 32.54 26.42 35.45 34.53 30.64 27.76 19.35
ND ND ND ND ND ND ND ND
5.39 5.17 15.74 4.68 8.37 13.84 7.28 14.06
0.37 0.15 0.48 0.04 0.25 0.40 0.23 0.57
0.07 0.02 0.04 0.02 0.02 0.03 0.13 0.10
1.14 1.19 0.52 0.94 1.53 0.34 1.15 0.54
0.48 0.20 0.25 0.30 0.20 0.18 3.72 0.44
0.01 0.00 0.02 0.01 0.01 0.02 0.01 0.03
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
11.09 12.36 15.79 11.05 ND ND ND 13.95
4957.29 4022.93 1715.55 5449.91 3453.48 2085.28 2190.66 1751.56
ND ND ND ND ND ND ND ND
3.71 3.96 18.60 1.10 6.46 9.05 5.51 8.10
ND ND ND ND ND ND ND ND
1.56 1.83 5.05 1.19 3.15 3.93 2.25 3.67
ND 1.19 3.91 ND 1.88 6.49 3.25 2.83
0.25 0.19 0.95 0.17 0.36 0.71 0.66 0.76
9.24 6.98 71.27 20.17 16.18 103.40 149.65 61.52
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
SS-24 SS-25 SS-26 SS-27 SS-28 SS-29 SS-30 SS-31
0.38 2.08 ND 0.33 ND ND 0.30 0.37
ND ND ND ND ND ND ND ND
19.10 35.58 15.56 3.23 16.97 12.63 7.29 25.85
38.05 38.60 38.06 7.34 41.20 31.35 37.10 32.35
7.26 ND ND 2.95 ND ND 2.95 3.72
5.45 8.13 5.68 1.38 7.56 5.71 2.25 1.92
5.69 25.53 15.95 ND 15.82 16.56 3.38 3.27
29.34 50.80 25.71 ND 21.07 9.37 ND ND
0.16 0.22 0.21 0.05 0.40 0.14 0.07 0.08
1627.43 2222.74 2103.04 530.72 4026.62 1404.29 664.25 798.50
ND ND ND ND ND ND ND ND
15.05 19.98 18.78 11.55 21.02 21.83 9.16 11.91
ND ND ND ND ND ND ND ND
ND ND ND ND ND 11.08 ND ND
23.89 26.42 24.85 26.10 25.70 30.54 22.29 30.27
ND ND ND ND 1.01 ND 1.35 ND
7.20 12.15 9.38 4.41 15.89 8.99 4.00 5.44
0.22 0.34 0.22 0.07 0.42 0.23 0.20 0.16
0.27 0.05 0.03 0.07 0.03 0.11 0.18 0.03
1.49 0.61 0.62 1.06 0.38 1.24 1.31 1.13
5.46 1.20 0.37 1.78 0.23 2.67 3.53 0.24
0.03 0.04 0.02 0.01 0.02 0.01 0.01 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND 11.21 ND ND ND 11.28
2189.15 1964.86 1917.57 3526.23 1998.04 3172.93 1983.23 4035.18
ND ND ND ND ND ND ND ND
8.89 7.19 6.82 2.72 10.98 13.91 21.34 3.57
ND ND ND ND ND ND ND ND
1.87 2.87 2.61 1.27 4.70 2.19 1.60 1.63
1.73 5.44 4.13 ND 6.91 3.62 ND ND
0.53 1.05 0.55 0.24 0.61 0.56 0.29 0.21
47.24 185.63 99.53 8.34 95.98 19.52 21.13 8.86
119
SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
SS-32 SS-33 SS-34 SS-35 SS-36 SS-37 SS-38 SS-39
0.48 ND 0.53 0.36 0.93 ND 0.23 1.91
ND ND ND ND ND ND ND ND
8.83 24.06 14.90 10.78 52.84 16.22 23.65 24.13
36.08 42.48 33.16 38.02 37.59 35.89 24.29 30.68
3.09 ND 9.32 2.87 5.20 ND 6.38 ND
3.08 8.18 6.34 4.94 19.10 5.96 4.66 5.31
5.30 11.75 7.13 4.19 8.76 12.94 5.65 14.35
ND 37.24 18.10 ND 28.68 24.76 9.91 23.08
0.15 0.27 0.27 0.08 0.31 0.13 0.14 0.26
1493.70 2664.22 2704.45 815.00 3064.21 1293.73 1413.57 2640.93
ND ND ND ND ND ND ND ND
13.20 24.18 10.82 9.77 11.94 19.39 8.29 23.67
ND ND ND ND ND ND ND ND
ND ND ND ND ND 10.68 ND 12.03
32.14 21.76 23.34 26.05 16.79 21.91 10.18 26.85
ND 1.21 ND ND 1.12 ND 1.64 ND
7.61 11.32 9.29 4.49 12.13 6.23 5.80 10.85
0.26 0.26 0.27 0.19 0.59 0.16 0.28 0.33
0.02 0.11 0.03 0.02 0.06 0.15 0.03 0.07
1.36 0.93 0.69 1.12 0.45 0.95 0.38 0.60
0.19 3.02 0.29 0.28 0.42 3.67 0.20 1.61
0.01 0.01 0.03 0.00 0.03 0.01 0.01 0.02
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND 11.14 12.97 11.87 ND 11.61 ND
3121.56 1687.73 1908.61 2072.29 1619.30 1973.33 756.25 2787.53
ND ND ND ND ND ND ND ND
5.98 9.00 8.46 5.16 8.98 3.43 6.86 6.52
ND ND ND ND ND ND ND ND
2.95 3.14 3.61 1.98 2.88 1.81 1.75 3.30
1.64 6.50 2.32 1.31 3.10 2.77 1.67 4.87
0.30 0.85 0.48 0.22 0.74 0.64 0.37 0.70
26.04 110.79 50.60 30.14 68.26 86.21 36.60 210.18
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
SS-40 SS-41 SS-42 SS-43 SS-44 III-1 III-2 III-3
ND 0.56 0.25 ND 0.87 ND ND ND
ND ND ND ND ND ND ND ND
10.27 15.31 11.21 27.18 28.40 28.09 300.66 39.87
12.94 9.50 5.97 2.53 16.51 28.06 83.21 52.21
ND 3.74 3.05 ND 3.26 ND ND ND
6.06 4.00 6.61 11.29 4.49 9.11 21.24 11.23
12.86 4.22 3.43 12.28 3.89 11.37 55.42 16.87
ND 1.29 15.60 29.24 3.40 22.29 279.92 16.93
0.09 0.02 0.04 0.03 0.07 0.16 0.39 0.30
872.11 225.09 374.91 322.44 710.59 1591.43 3900.79 2997.64
ND ND ND ND ND ND ND ND
20.47 11.34 10.20 26.55 14.07 22.53 184.23 31.74
ND ND ND ND ND ND ND ND
13.46 ND ND 10.29 ND ND 115.38 18.30
31.60 30.26 19.13 16.85 30.96 20.71 67.21 37.65
ND ND ND ND ND ND 4.13 1.14
6.86 6.44 3.39 4.25 7.73 10.11 27.78 15.92
0.12 0.15 0.08 0.05 0.39 0.29 0.69 0.44
0.02 0.03 0.08 0.38 0.02 0.10 0.15 0.05
0.86 1.28 1.00 1.35 1.08 1.19 2.04 1.35
0.35 0.58 2.75 8.73 0.22 2.65 3.30 0.97
0.00 0.01 0.00 0.01 0.01 0.02 0.01 0.01
ND ND ND ND ND ND 22.20 ND
ND ND ND ND ND ND ND ND
ND 13.18 12.47 ND 15.17 ND ND ND
3932.17 3752.03 2338.33 1617.41 4170.15 1327.72 4389.26 2758.30
ND ND ND ND ND ND ND ND
4.97 3.12 2.32 4.92 4.16 12.79 38.47 14.59
ND ND ND ND ND ND 30.55 ND
1.71 1.14 ND 1.17 1.71 2.90 9.44 5.83
2.30 ND ND 1.92 1.66 4.83 23.00 6.43
0.30 0.23 0.31 1.01 0.21 1.19 1.37 0.71
18.59 13.48 11.44 31.53 9.09 37.81 9.13 19.72
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
III-4 III-5 III-6 III-7 III-8 III-10 III-11 III-12
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
53.12 20.10 14.09 41.08 19.45 38.65 22.60 11.76
34.56 22.07 18.81 14.95 9.33 11.24 8.84 5.10
ND ND ND ND ND ND ND ND
5.40 5.78 5.00 5.28 5.28 4.34 3.98 2.68
14.90 12.41 12.46 19.60 10.37 15.28 14.63 10.11
ND 6.87 ND 28.48 ND 5.07 6.30 ND
0.18 0.16 0.18 0.14 0.10 0.04 0.03 0.07
1825.91 1646.28 1790.85 1351.17 966.73 363.02 305.37 721.30
ND ND ND ND ND ND ND ND
18.26 20.05 21.54 23.18 19.90 23.51 18.63 21.39
ND ND ND ND ND ND ND ND
ND 10.18 11.06 12.98 12.26 13.70 10.14 ND
28.10 26.64 27.33 21.48 30.86 27.71 26.79 29.50
ND ND ND ND ND ND ND ND
10.26 10.52 10.51 11.43 8.11 5.41 6.25 11.45
0.31 0.18 0.19 0.16 0.13 0.11 0.06 0.08
0.07 0.15 0.07 0.11 0.03 0.02 0.06 0.04
1.13 1.13 1.06 0.75 0.76 0.57 0.85 0.94
1.24 2.92 1.84 2.93 0.63 0.26 1.65 1.01
0.01 0.01 0.01 0.01 0.01 0.01 0.02 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
2262.99 2408.99 2589.15 2462.24 4137.73 3901.15 3366.82 3665.57
ND ND ND ND ND ND ND ND
12.42 8.08 8.31 6.05 2.85 2.09 2.69 3.54
ND ND ND ND ND ND ND ND
2.99 2.84 2.94 2.89 1.67 1.19 ND 1.29
3.30 2.46 3.03 2.37 2.54 1.84 1.96 1.92
0.46 0.61 0.48 0.56 0.39 0.24 0.47 0.46
19.03 22.84 27.90 30.37 22.85 30.13 23.64 18.54
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
III-13 III-14 III-15 III-16 III-17 III-19 III-20 III-21
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
68.69 52.50 16.90 15.99 17.54 23.71 19.72 13.56
9.85 19.34 9.89 3.59 8.26 51.44 66.04 46.14
ND ND ND ND ND ND ND ND
5.47 3.92 4.42 3.73 6.71 6.46 4.78 4.55
27.32 32.38 14.06 11.06 11.32 16.51 13.99 11.98
23.72 87.51 ND ND ND 20.50 11.04 ND
0.02 0.02 0.03 0.02 0.04 0.26 0.10 0.12
249.81 182.70 327.30 231.03 438.85 2646.72 974.94 1190.75
ND ND ND ND ND ND ND ND
17.71 12.39 22.92 23.04 24.81 20.47 20.34 21.81
ND ND ND ND ND ND ND ND
13.82 12.49 13.92 14.63 12.94 ND ND 11.60
27.40 15.05 33.94 40.11 36.91 21.24 23.85 30.50
ND ND ND ND ND ND ND ND
10.06 3.62 6.61 4.79 6.21 11.47 5.86 7.26
0.28 0.19 0.03 0.06 0.05 0.50 0.35 0.26
0.01 0.02 0.07 0.01 0.04 0.06 0.10 0.05
0.48 0.44 1.03 0.69 0.89 0.73 1.05 1.16
0.31 0.48 1.80 0.27 1.04 1.34 2.09 1.20
0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
3929.53 2032.10 4466.56 6223.86 5182.41 1718.06 1840.56 2731.21
ND ND ND ND ND ND ND ND
3.95 1.24 3.40 1.60 2.81 9.73 8.88 13.03
ND ND ND ND ND ND ND ND
ND ND 1.12 ND 1.12 3.42 1.69 1.86
2.55 1.80 2.02 2.41 1.76 6.29 3.97 3.98
0.30 0.16 0.40 0.29 0.37 1.26 0.93 0.64
202.34 20.77 20.28 21.07 23.00 49.85 36.40 20.13
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
III-22 III-23 III-24 III-25 III-26 III-27 III-28 III-29
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
13.34 19.54 12.92 9.85 10.17 13.40 15.23 10.26
25.52 12.90 10.67 7.38 4.33 9.59 4.85 8.25
ND ND ND ND ND ND ND ND
3.41 2.43 4.37 2.99 3.67 4.56 3.20 3.49
18.81 13.14 10.80 10.10 8.47 13.24 12.89 12.96
ND ND ND ND ND ND ND ND
0.11 0.06 0.05 0.06 0.03 0.03 0.02 0.03
1064.60 604.15 511.50 577.30 252.35 343.22 194.42 264.31
ND ND ND ND ND ND ND ND
21.23 23.30 17.10 16.36 18.82 25.57 33.97 22.60
ND ND ND ND ND ND ND ND
11.59 13.22 ND 12.00 11.93 11.70 10.71 12.10
34.99 35.71 30.68 32.62 34.31 34.35 34.14 36.33
ND ND ND ND ND ND ND ND
8.32 6.36 6.57 6.49 4.81 7.21 8.60 5.63
0.17 0.07 0.09 0.07 0.03 0.06 0.08 0.04
0.04 0.02 0.04 0.04 0.12 0.04 ND 0.06
1.13 0.99 0.70 0.76 0.95 1.02 0.97 0.93
1.00 0.71 0.94 1.16 2.60 0.92 0.23 1.21
0.01 0.01 0.01 0.01 0.01 0.02 0.01 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
3776.42 4383.63 4470.33 4909.05 4930.64 4428.00 4275.28 5145.92
ND ND ND ND ND ND ND ND
10.58 3.68 4.13 3.19 2.58 3.85 2.41 3.99
ND ND ND ND ND ND ND ND
1.86 1.37 1.40 1.19 ND 1.29 1.13 1.15
2.81 2.24 2.01 1.66 1.29 2.26 3.05 1.91
0.42 0.38 0.32 0.36 0.40 0.41 0.44 0.34
15.21 23.55 38.92 19.27 12.54 16.18 30.61 15.60
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
III-30 III-31 III-32 III-33 III-34 III-35 III-36 III-37
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
12.13 8.80 10.41 13.29 13.22 11.16 17.20 30.89
6.00 11.39 9.93 8.17 11.24 12.88 20.81 26.25
ND ND ND ND ND ND ND ND
19.55 3.26 4.99 4.45 4.49 3.96 3.52 5.57
9.31 11.35 11.16 13.89 12.20 11.83 10.17 10.95
ND ND ND ND ND ND ND 1.63
0.03 0.03 0.04 0.04 0.05 0.07 0.10 0.07
275.69 340.47 402.23 362.92 468.72 656.85 1015.16 718.66
ND ND ND ND ND ND ND ND
22.75 21.40 22.20 22.32 23.24 17.30 16.56 21.96
ND ND ND ND ND ND ND ND
11.65 13.11 12.58 10.70 12.08 10.50 ND ND
33.11 35.93 35.19 35.77 34.59 29.76 28.74 22.65
ND ND ND ND ND ND ND ND
6.39 6.21 6.61 6.72 7.19 6.83 7.11 6.22
0.07 0.05 0.05 0.06 0.08 0.10 0.19 0.20
0.08 0.08 0.05 0.03 0.04 0.04 0.05 0.15
1.05 0.99 0.87 0.79 0.91 0.87 0.95 1.11
2.25 1.84 1.15 0.82 0.76 0.93 1.17 1.97
0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
4381.91 5115.94 4950.34 5171.28 4579.02 3673.63 2996.96 1734.22
ND ND ND ND ND ND ND ND
2.05 2.54 2.93 2.79 4.16 3.81 9.81 4.65
ND ND ND ND ND ND ND ND
1.28 1.27 1.35 1.28 1.42 1.50 1.80 1.13
1.85 1.87 2.01 1.98 1.93 1.96 2.79 3.29
0.40 0.38 0.33 0.29 0.32 0.33 0.39 0.55
19.73 19.90 24.98 19.44 24.18 24.98 37.05 29.25
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
III-38 III-39 III-40 III-41 III-42 III-43 III-44 III-45
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
26.99 33.00 30.80 19.89 10.69 9.88 25.71 11.92
25.77 26.19 30.16 57.64 27.52 15.49 18.01 7.98
ND ND ND ND ND ND ND ND
6.19 5.11 4.73 5.92 5.70 3.67 5.61 4.68
16.77 11.18 13.10 14.91 15.13 11.35 17.13 9.88
9.64 15.93 38.88 9.39 ND ND ND ND
0.16 0.12 0.09 0.14 0.12 0.09 0.08 0.06
1615.88 1182.16 882.43 1430.34 1223.55 940.16 826.60 613.85
ND ND ND ND ND ND ND ND
26.29 25.31 30.62 30.03 21.30 24.11 23.74 23.75
ND ND ND ND ND ND ND ND
ND ND ND ND ND 10.89 10.36 ND
21.70 20.40 21.17 27.95 31.99 33.24 28.57 34.80
ND ND ND ND ND ND ND ND
8.01 6.32 6.81 9.93 9.31 8.74 8.88 6.98
0.27 0.26 0.38 0.43 0.19 0.15 0.17 0.13
0.09 0.09 0.14 0.08 0.04 0.09 0.09 0.03
1.04 0.95 1.38 1.25 1.01 0.94 0.86 0.73
2.11 1.50 4.43 1.16 0.98 1.96 2.30 0.61
0.01 0.02 0.03 0.02 0.01 0.01 0.01 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
1444.01 1388.41 1338.37 2108.72 3356.62 4242.57 3849.80 5085.15
ND ND ND ND ND ND ND ND
7.21 7.32 10.90 10.95 8.53 8.73 5.96 6.09
ND ND ND ND ND ND ND ND
1.59 1.26 1.15 1.76 2.17 2.15 1.81 1.72
4.30 4.04 4.32 5.42 3.41 2.96 2.68 2.48
0.85 0.89 1.43 0.98 0.45 0.45 0.50 0.36
29.03 54.97 47.66 40.86 27.30 26.25 23.75 21.52
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
III-46 III-47 III-48 III-50 III-51 III-52 III-53 III-54
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
14.35 13.61 17.06 13.18 13.11 9.13 8.09 14.43
7.05 8.57 7.91 10.19 8.99 7.96 14.28 23.92
ND ND ND ND ND ND ND ND
6.48 5.97 10.58 4.41 4.72 3.54 4.55 5.31
7.41 10.87 17.04 13.66 11.82 13.55 10.25 12.05
ND ND 8.82 ND ND ND ND ND
0.03 0.02 0.03 0.06 0.06 0.05 0.15 0.15
304.75 248.59 322.95 637.61 590.53 547.34 1513.45 1497.55
ND ND ND ND ND ND ND ND
20.16 20.70 23.24 23.40 23.86 21.26 22.44 19.83
ND ND ND ND ND ND ND ND
11.77 ND 10.37 11.77 10.82 10.30 10.72 ND
31.48 31.75 21.23 32.83 34.90 35.71 35.16 29.26
ND ND ND ND ND ND ND ND
6.45 5.94 13.00 8.39 7.92 6.60 10.77 9.98
0.14 0.17 0.07 0.14 0.15 0.16 0.21 0.34
ND ND 0.29 0.02 0.03 0.01 0.04 0.02
0.44 0.54 1.20 0.76 0.76 0.63 0.84 0.80
0.20 0.20 8.33 0.43 0.59 0.39 0.84 0.20
0.01 0.01 0.01 0.02 0.01 0.01 0.01 0.01
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
5189.75 5223.06 2996.46 4434.94 4862.48 5327.90 4802.73 3193.36
ND ND ND ND ND ND ND ND
4.06 3.19 3.70 4.83 4.25 4.29 8.80 9.50
ND ND ND ND ND ND ND ND
1.20 1.25 1.39 2.24 2.11 1.83 2.60 2.25
3.00 3.63 2.33 2.89 2.83 2.85 3.53 5.69
0.29 0.28 0.86 0.30 0.32 0.31 0.42 0.49
45.44 42.47 31.33 39.19 33.37 27.04 29.89 32.70
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
III-55 III-56 III-57 III-58 III-59 III-60 III-61 III-62
ND 0.71 ND ND 0.21 0.81 ND ND
ND ND ND ND ND ND ND ND
27.44 43.57 16.52 18.45 21.28 289.81 17.59 24.21
48.08 27.07 7.22 9.44 9.74 ND 11.10 17.55
ND ND ND ND ND ND ND ND
6.20 4.74 4.37 4.41 5.25 2.74 5.12 6.56
26.11 45.70 8.61 13.94 14.44 35.58 12.92 22.84
18.31 65.08 5.79 5.81 31.49 62.67 ND 16.38
0.13 0.23 0.06 0.08 0.04 ND 0.07 0.26
1329.66 2323.01 553.06 826.30 444.31 ND 717.45 2583.66
ND ND ND ND ND ND ND ND
22.52 24.80 14.28 17.61 11.19 2.81 18.62 22.59
ND ND ND ND ND ND ND ND
10.09 ND ND ND 12.13 ND 12.07 ND
24.80 24.38 17.89 23.71 15.50 0.63 35.27 25.01
ND ND ND ND ND ND ND ND
9.34 14.87 6.91 10.15 14.31 ND 9.68 18.54
0.46 1.15 0.15 0.20 0.19 0.03 0.42 0.55
0.11 0.05 0.15 0.07 0.01 0.01 0.01 0.11
1.15 0.37 0.63 0.70 0.38 0.02 0.77 0.85
2.08 1.16 3.13 1.78 0.39 0.10 0.22 2.84
0.01 0.03 0.01 0.02 0.02 ND 0.01 0.02
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
1937.54 1487.52 2303.12 3151.81 1883.17 58.56 4086.20 2851.65
ND ND ND ND ND ND ND ND
23.14 12.00 4.08 5.43 5.94 ND 5.08 13.76
ND ND ND ND ND ND ND ND
1.66 2.44 1.61 2.48 2.82 ND 2.30 3.71
4.57 10.53 2.23 2.35 4.60 1.35 3.95 5.14
0.71 0.86 0.49 0.48 0.75 0.04 0.37 0.91
49.43 185.53 38.45 58.19 107.16 53.33 80.28 128.64
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
III-63 III-64 III-65 III-66 III-67 III-68 III-69 III-70
0.76 0.42 ND ND ND ND 0.41 ND
ND ND ND ND ND ND ND ND
105.83 69.21 23.68 18.95 15.33 21.30 87.95 12.50
23.28 32.22 16.28 15.22 6.72 1.68 2.19 16.15
ND ND ND ND ND ND ND ND
9.89 14.33 5.51 4.62 4.25 ND 1.70 3.22
42.53 41.68 14.09 18.63 14.29 11.53 21.37 10.14
108.46 102.42 5.19 3.31 10.76 11.84 37.55 ND
0.56 0.87 0.18 0.09 0.02 0.02 ND 0.08
5590.08 8675.30 1772.70 888.02 218.85 161.59 ND 807.75
ND ND ND ND ND ND ND ND
25.15 56.36 17.74 12.87 5.79 3.52 2.57 16.59
ND ND ND ND ND ND ND ND
ND 12.77 ND 10.22 ND ND ND 11.51
21.63 25.13 25.54 23.26 10.51 3.57 1.10 27.93
ND ND ND ND ND ND ND ND
61.21 48.65 14.03 9.35 4.89 1.71 ND 6.48
1.26 1.59 0.35 0.24 0.08 0.04 0.03 0.12
0.04 0.08 0.10 0.02 ND ND 0.02 0.02
0.44 0.89 0.76 0.52 0.22 0.14 0.03 0.90
0.79 1.51 2.53 0.52 0.10 0.19 0.17 0.55
0.03 0.04 0.01 0.01 0.00 0.00 ND 0.00
ND ND ND ND ND ND ND ND
1.01 1.52 ND ND ND ND ND ND
ND ND ND ND ND ND ND ND
2229.71 2512.49 2972.13 2865.10 1292.46 460.34 169.62 3061.60
ND ND ND ND ND ND ND ND
14.72 50.91 10.88 5.47 2.64 1.10 ND 5.31
ND ND ND ND ND ND ND ND
6.31 9.30 2.96 2.05 ND ND ND 1.30
12.47 17.48 3.86 2.84 1.83 1.09 1.22 2.66
1.09 1.64 0.64 0.35 0.15 0.07 0.03 0.30
487.19 85.00 70.30 60.38 50.27 43.53 35.66 24.84
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SAMPLE
Ag (ppm)
Cd (ppm)
Cu (ppm)
Mn (ppm)
Mo (ppm)
Ni (ppm)
Pb (ppm)
Zn (ppm)
Al (%)
Al (ppm)
As (ppm)
Ba (ppm)
Be (ppm)
Bi (ppm)
Ca (%)
Co (ppm)
Cr (ppm)
Fe (%)
K (%)
Mg (%)
Na (%)
P (%)
Sb (ppm)
Sc (ppm)
Sn (ppm)
Sr (ppm)
Ti (%)
V (ppm)
W (ppm)
Y (ppm)
Zr (ppm)
S (%)
Hg (ppb)
Appendix V-a  continued
ND denotes concentrations below detection limits
III-71 III-72 III-73
ND ND ND
ND ND ND
10.92 139.89 17.36
28.25 37.81 61.19
ND ND ND
3.53 10.64 6.40
18.11 45.61 19.42
ND 97.95 7.93
0.13 0.41 0.23
1265.65 4146.15 2272.72
ND ND ND
26.66 27.16 27.22
ND ND ND
11.18 11.50 11.74
37.47 35.23 33.67
ND ND ND
7.71 21.84 10.14
0.19 0.89 0.50
0.16 0.02 0.03
1.37 0.17 0.93
3.10 0.16 0.55
0.01 0.04 0.02
ND ND ND
ND ND ND
ND ND ND
4114.72 2882.66 2858.07
ND ND ND
9.56 20.92 12.52
ND ND ND
2.09 3.73 2.83
3.52 9.12 6.21
0.56 0.79 0.93
18.90 143.86 37.09
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Appendix V-b  Concentrations of 32 elements measured in the sand fraction
 ND denotes concentrations below detection limits
SAMPLE S-13 S-29 SS-25 SS-31 III-6 III-14
Ag (ppm) ND ND 0.89 ND ND ND
Cd (ppm) ND 1.63 1.82 ND ND ND
Cu (ppm) ND 50.37 24.71 ND 10.07 2.15
Mn (ppm) 3.56 18.55 23.70 1.89 8.18 1.85
Mo (ppm) ND ND ND ND ND ND
Ni (ppm) ND 5.21 12.82 1.54 ND ND
Pb (ppm) 11.99 62.69 65.46 49.84 27.79 24.80
Zn (ppm) 4.78 142.69 63.42 11.27 9.99 4.64
Al (%) ND 0.89 0.13 ND 0.03 ND
As (ppm) ND ND ND ND ND ND
Ba (ppm) 11.88 17.30 20.85 24.10 10.73 8.31
Be (ppm) ND ND ND ND ND ND
Bi (ppm) ND ND ND ND ND ND
Ca (%) 8.72 32.00 30.56 32.28 19.05 17.75
Co (ppm) ND ND ND ND 1.06 ND
Cr (ppm) ND 9.38 8.33 ND 3.08 ND
Fe (%) 0.03 0.59 0.25 0.01 0.05 0.02
K (%) ND 0.01 0.01 ND ND ND
Mg (%) 0.02 0.27 0.50 0.21 0.32 0.23
Na (%) 0.11 0.25 0.25 0.19 0.15 0.14
P (%) 0.01 0.02 0.05 0.00 ND 0.00
Sb (ppm) ND ND ND ND ND ND
Sc (ppm) ND ND ND ND ND ND
Sn (ppm) ND ND ND ND ND ND
Sr (ppm) 561.31 3806.94 2225.85 6466.01 1085.05 1324.84
Ti (%) ND ND ND ND ND ND
V (ppm) ND 3.96 7.34 ND ND ND
W (ppm) ND ND ND ND ND ND
Y (ppm) ND 1.10 2.03 ND 1.34 ND
Zr (ppm) ND 1.20 1.82 ND ND ND
S (%) 0.03 0.42 0.84 0.10 0.12 0.08
Hg (ppb) 5.40 213.59 175.23 7.87 7.08 ND
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Appendix VI  Raw counts of foraminiferal abundance in sediments 
                       from Biscayne Bay 
Sample S-1 S-2 S-3 S-4 S-5 S-6
Other Miliolida
Affinetrina 2 5 1 2 10
Articulina 5 5 2 3 6
Cornuspira 1 2
Hauerina
Lachlanella
Miliolinella 1 4 5
Nodobaculariella
Pyrgo
Quinqueloculina 32 58 70 32 51 165
Siphonaperta 1 1 1 2 4
Spiroloculina 1 2 5
Triloculina 25 0 5 4 26 70
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias 1
Borelis
Cyclorbiculina
Laevipeneroplis 5
Monalysidium 6 2 1 2 5
Peneroplis 3 3 1 1 4
Sorites
Spirolina 1
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia 45 25 36 24 44 21
Cribroelphidium 26 6 14 16 23 18
Elphidium 6 3 5 3 1 5
Haynesina 10 2 3 5 9
Nonion 11 9 27 28 30 10
Nonionella
Nonionoides 1 1 3 1
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Sample S-1 S-2 S-3 S-4 S-5 S-6
Other Rotaliida
Cibicides
Cymbaloporetta 1
Discorbis 2 3 4 4 8
Eponides  
Glabratella 1 2 4 2
Glabratellina
Neoconorbina
Neoeponides  19
Planorbulina 1
Rosalina 3 11 5 2 11
Valvulineria 1 10 16
Robertinida
Robertinoides 1
Spirillinida
Patellina
Spirillina  1
Lagenida
Polymorphina
Buliminida
Bolivina 3 4 1 1 1 7
Brizalina 8 7 8 5 5 2
Bulimina
Buliminella 1 1 1 2 1
Floresina 2 3
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina 5
Reophax 1 1 2
Planktonic Foraminifera 2
Total # of Forams Picked 190 136 199 139 220 417
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Sample S-1 S-2 S-3 S-4 S-5 S-6
Total # of Forams Picked 190 136 199 139 220 417
SIMPER Group C C C C C B-1
Mass Assessed, grams 0.30 0.10 0.15 1.02 0.10 0.30
Total Mass Assessed 0.32 0.10 0.17 1.07 0.12 0.31
Forams/Gram 588 1302 1199 130 1895 1348
Number of Genera 20 19 22 17 20 30
Fisher Alpha Index 5.64 6.01 6.30 5.08 5.35 7.39
Shannon Diversity Index 1.02 0.88 0.95 0.98 0.98 1.02
% Mud 7.12 4.24 9.59 5.07 13.85 3.00
Φ, Median Grain Size 3 3 3 3 3 3
FORAM Index 1.86 1.79 1.72 1.53 1.64 2.16
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Sample S-7 S-9 S-10 S-11 S-12 S-13
Other Miliolida
Affinetrina 12 2 14
Articulina 4 4
Cornuspira
Hauerina 1
Lachlanella
Miliolinella 12 1 12
Nodobaculariella
Pyrgo 1
Quinqueloculina 17 10 72 6 51 24
Siphonaperta
Spiroloculina 2 1 2
Triloculina 8 8 0 8 32
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida 1
Androsina
Archaias  
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium 1
Peneroplis 2  
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina  
Opportunistic Rotaliida
Ammonia 19 25 5 36 1 1
Cribroelphidium 21 11 2 33 2
Elphidium 2 1 5 3 2
Haynesina 20 21 4 3 1
Nonion 13 31 15 27 7
Nonionella
Nonionoides 1
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Sample S-7 S-9 S-10 S-11 S-12 S-13
Other Rotaliida
Cibicides 1
Cymbaloporetta
Discorbis 2 3 6 5
Eponides  
Glabratella 1 2 2
Glabratellina   
Neoconorbina
Neoeponides 2   
Planorbulina 1
Rosalina 4 3 1 11 1
Valvulineria 9 12 12 6 6
Robertinida
Robertinoides
Spirillinida
Patellina 1 1
Spirillina 1
Lagenida
Polymorphina
Buliminida
Bolivina 3 3 2 2 2 3
Brizalina 9 10 5 11 3
Bulimina
Buliminella 1 1  
Floresina 1 1
Fursenkoina
Hopkinsinella
Reussella 1
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina 6
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked 131 139 166 139 164 38
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Sample S-7 S-9 S-10 S-11 S-12 S-13
Total # of Forams Picked 131 139 166 139 164 38
SIMPER Group C C B-1 C B-1 N/A
Mass Assessed, grams 0.23 0.16 0.05 0.14 0.05 0.98
Total Mass Assessed 0.26 0.17 0.05 0.18 0.05 1.00
Forams/Gram 499 828 3100 754 3065 38
Number of Genera 14 12 22 17 24 7
Fisher Alpha Index 3.97 3.15 6.78 5.08 7.70 2.52
Shannon Diversity Index 1.01 0.95 0.95 0.90 1.03 0.53
% Mud 11.98 4.73 6.63 24.05 6.56 2.53
Φ, Median Grain Size 3 2 2 3 3 3
FORAM Index 1.49 1.36 1.93 1.26 1.95 1.95
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
S-14 S-15 S-16 S-17 S-18 S-19
19 5 11
3 2 1 1 1  
3 1 1
2
81 66 33 29 45 38
1
3 5 2
22 17 7 20 34 116
1
  
1
2 1
2
1
15 2 12 19 37 24
3 2 7 13 14 14
4 1 1 1  
4 23 29 4 4
4 2 24 6  
3
138
Appendix VI continued
 
Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
S-14 S-15 S-16 S-17 S-18 S-19
1 1 4
9 3 3 3 1
2 2
1
5 14
5 5 1  
8 8 4 5
3 1
1
1 3 3 4  
1 11 10 1
1
1 5
3
2
1
1
1
2
1 1
188 151 143 162 139 209
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
S-14 S-15 S-16 S-17 S-18 S-19
188 151 143 162 139 209
B-1 B-1 C C A A
0.03 0.05 0.01 0.14 0.01 0.01
0.07 0.05 0.03 0.18 0.02 0.01
2611 2970 5137 914 9178 15535
18 23 18 28 10 8
4.87 7.56 5.45 9.68 2.47 1.65
0.91 0.95 1.02 1.14 0.68 0.59
58.32 1.69 64.08 23.87 33.98 25.68
>4 2 >4 3 3 2
1.95 2.03 1.59 1.66 1.65 1.80
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
S-20 S-21 S-22 S-23 S-24 S-25
18 13 3 10 11 3
3 3 2 7 3
13 1 2 7
1
97 49 36 54 63 39
2
2 1
54 108 61 31 31 32
4 1 1
6 3  
2 1 2
 
1
 1
1
26 31 24 4 1 11
15 10 6 2 2 11
3 1 5
7 3 2 3 14
4 3 5
1
1
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
S-20 S-21 S-22 S-23 S-24 S-25
1 5 3 5
 
1 4
 
2 9  
3 6 3  
3 1 6 10
1
2
 3
2
2
 
249 230 134 129 162 146
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
S-20 S-21 S-22 S-23 S-24 S-25
249 230 134 129 162 146
A A A A B-1 C
0.02 0.01 0.01 0.01 0.03 0.32
0.02 0.01 0.01 0.01 0.03 0.33
11450 19716 10900 10866 4708 440
15 11 7 14 20 21
3.51 2.41 1.57 3.99 5.97 6.72
0.83 0.69 0.59 0.80 0.93 1.02
8.03 14.29 18.65 15.78 12.81 3.65
1 2 2 2 1 3
1.86 2.14 1.78 2.18 2.09 1.90
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
S-26 S-27 S-28 S-29 S-30 S-31
9 20 13 7
3 9 9 1 6 1
8 10 4 4
1
64 67 67 40 39 36
2
2 1 1 3
29 21 19 6 13 12
2 3
3
2
3 7 9 14 13 26
4 7 6 29 30 24
1 1 3
6 7 8 14 15 11
4 5 4 4 3 3
1 3
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
S-26 S-27 S-28 S-29 S-30 S-31
1
2
1 6 4 3
 
1 2 3 2
1
1
6 2 9 1 5
3 4 3 10 5  
4 7 9 1 5 5
1
1 1
4  
3 10 4 3 3
4 2 7 7 7 7
1 2 1 1
1 1 1
 
2
1 1
1 1 3 1
1
159 188 189 147 169 139
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
S-26 S-27 S-28 S-29 S-30 S-31
159 188 189 147 169 139
B-1 B-1 B-1 C B-1 C
0.93 0.22 0.16 0.02 0.10 0.04
0.93 0.23 0.17 0.02 0.10 0.07
171 828 1128 6495 1621 2135
22 26 20 21 21 16
6.91 8.17 5.65 6.68 6.32 4.67
0.96 1.06 1.03 1.02 1.10 0.95
0.25 3.15 4.53 11.63 4.10 38.55
3 3 3 1 3 4
1.99 2.20 1.86 1.58 1.63 1.50
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
S-32 S-33 SS-1 SS-2 SS-3 SS-4
1 9 21 23 16 20
1
1 1
1 26 46 19 56
3 49 43 37 58 114
6 3 2 1
2
15 39 19 13 24
2
1 3 1
4 5 10 2
1 1
3
1
1 2
49 5 2
51 7 13
2 3 2
5 3 1 7 1 9
5 4
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
S-32 S-33 SS-1 SS-2 SS-3 SS-4
1
3 2
1
5 5 4 2 5
2 6 5 9 3 3
9 11 4 3 23
1 3
2 4 2
1
1 2
1
8 4 1
1
2
119 133 175 162 141 284
148
Appendix VI continued
 
Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
S-32 S-33 SS-1 SS-2 SS-3 SS-4
119 133 175 162 141 284
C B-1 B-3 B-3 B-3 B-3
0.36 0.26 0.07 0.01 0.09 0.01
0.37 0.26 0.07 0.02 0.09 0.04
320 505 2437 8581 1538 8028
11 20 14 16 16 20
2.96 6.53 3.58 4.40 4.64 4.90
0.59 1.02 0.92 0.90 0.87 0.86
3.14 0.47 1.15 41.73 4.02 77.39
3 3 1 4 1 >4
1.10 2.07 2.21 2.30 2.89 2.05
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
SS-5 SS-6 SS-7 SS-8 SS-9 SS-10
20 49 19 19 37 10
6 3 9 10
1
31 88 41 72 73 22
1 2 3
91 100 37 41 103 122
3 5
32 48 17 4 36 14
1 8 3 7
5 6 1 4
18 4 2
7 1 3
1
1 2 2
2
1 1 2
29 2 2
9 6 1 1 7 5
1 2 2 5
1 2 12
1 3 10 4
2
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
SS-5 SS-6 SS-7 SS-8 SS-9 SS-10
2
42 3 12 2
1
1
8 4 7 11
4 3 5 8 13 9
4 62 1 15 6
1 6
3
1 2 2
1 4 3 4 1
231 420 176 170 342 270
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
SS-5 SS-6 SS-7 SS-8 SS-9 SS-10
231 420 176 170 342 270
A B-3 B-3 B-3 B-3 B-2
0.01 0.02 0.05 0.03 0.03 0.14
0.01 0.02 0.06 0.03 0.05 0.17
26258 17780 2937 4957 6832 1599
15 14 20 17 18 27
3.59 2.79 5.81 4.70 4.05 7.44
0.81 0.87 1.02 0.78 0.95 1.01
9.06 15.33 16.56 12.52 34.08 17.07
1 1 2 3 3 2
2.07 1.98 3.44 2.81 2.10 2.43
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
SS-13 SS-14 SS-15 SS-16 SS-17 SS-18
29 13 25 7 10 7
6 3 2 3 4
1
1
60 22 70 41 25 6
1
131 58 35 46 42 50
1 3 4 5 4
2 20 18 11 9 6
1 3 7 2 6 1
2 11 2
1 1 7 6 10
1 1 1 6
1
1 1
4 1 1 31
6 1 2 2 20
3 2 1 3
2 2 8
6 1 6 1 2 2
1
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
SS-13 SS-14 SS-15 SS-16 SS-17 SS-18
1
1
2 1 6 3 1 2
2 5 2 1
13 9 2 2 4
3 10 1 2 2
3
3
1 1
1 5 6 5 1
275 168 187 155 140 137
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
SS-13 SS-14 SS-15 SS-16 SS-17 SS-18
275 168 187 155 140 137
B-3 B-3 B-3 B-3 B-3 A
0.01 0.04 0.05 0.23 0.10 0.01
0.03 0.07 0.06 0.24 0.11 0.02
9188 2248 3329 634 1281 9109
24 20 16 20 21 12
6.30 5.92 4.19 6.11 6.85 3.17
0.79 0.98 0.85 0.96 1.04 0.81
63.25 42.46 16.32 7.09 10.33 26.86
>4 3 3 2 2 0
2.07 2.27 2.60 2.99 3.38 1.59
155
Appendix VI continued
 
Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
SS-19 SS-20 SS-21 SS-22 SS-24 SS-25
2 15 3 16 12 5
6 1 5 2
1
13 15 8 20 23 6
1
53 59 81 28 50 40
3 4
1
10 14 38 23 44 11
7 2 2 7
4 2 1 18 11
2 1 1
1
3
2
21 69 2 4 63
5 5 30 5 2 12
4 2
2 5 8 1 8
1 5 8 1 1
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
SS-19 SS-20 SS-21 SS-22 SS-24 SS-25
2
1
3 2 5 2
1
6 3 2
9 1 1 2 1
3 1 8 12
1
1 2 1
1 2 21 24
1
148 147 251 154 210 150
157
Appendix VI continued
 
Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
SS-19 SS-20 SS-21 SS-22 SS-24 SS-25
148 147 251 154 210 150
B-2 A A B-3 B-3 A
0.06 0.01 0.01 0.10 0.05 0.03
0.07 0.01 0.01 0.10 0.07 0.07
2096 14947 17825 1539 2955 2181
28 14 12 15 20 10
10.22 3.80 2.63 4.11 5.44 2.41
1.11 0.84 0.77 0.99 1.01 0.72
20.70 13.57 11.23 3.04 32.46 50.58
3 0 0 1 3 >4
2.95 1.86 1.64 3.05 2.68 1.44
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
SS-26 SS-27 SS-28 SS-29 SS-30 SS-31
18 11 31 35 23 23
5 3 1 3 2 9
1 1
9 48 22 133 30 46
1 2 1
59 33 164 123 73 45
1 2 2 3
1 2
46 8 15 16 11 12
4 1 10 4 7
14 4 2 2 1
3 12 2 5
1
2 1 1
1 1 2 2
18 1 48 1 1
5 1 16 4 1
1 1 1 3 1 1
2 2 2
4 4 11 1 4
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
SS-26 SS-27 SS-28 SS-29 SS-30 SS-31
1
1
3 7 3 2
1 6 10 4
2 1 16 5 3
3 19 11 7
2 1
2 2 3
1 1 9 6
176 138 309 423 190 186
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
SS-26 SS-27 SS-28 SS-29 SS-30 SS-31
176 138 309 423 190 186
A B-3 A B-3 B-3 B-3
0.03 0.17 0.01 0.11 0.07 0.02
0.03 0.18 0.01 0.11 0.07 0.03
5313 781 23721 3679 2725 5613
10 23 15 27 18 24
2.30 7.83 3.30 6.42 4.88 7.34
0.78 0.97 0.68 0.93 0.91 1.03
6.41 4.91 15.56 1.72 5.33 33.61
1 2 2 1 1 3
2.50 2.82 1.82 2.44 2.41 2.60
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
SS-32 SS-34 SS-35 SS-38 SS-39 SS-40
25 24 26 30 9 20
6 9 2
1 2 2 1
51 52 65 24 3 79
1 1
100 65 99 224 70 55
1 1 6
1 1
15 7 4 43 8 15
 
2 4 1 11
1 2 4 1
1 6
1 1
2 1 1
89 31
3 1 3 26 22 2
2 1 3
1 2 3
3 6 2 2 2
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
SS-32 SS-34 SS-35 SS-38 SS-39 SS-40
11 1 4
2 3 3 2 1
5 1 8 1 1
1 2 11 3 8
1 1
1 2 5
212 178 252 448 154 225
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
SS-32 SS-34 SS-35 SS-38 SS-39 SS-40
212 178 252 448 154 225
B-3 B-3 B-3 A A B-3
0.02 0.01 0.03 0.02 0.01 0.05
0.07 0.04 0.03 0.02 0.01 0.07
2924 4704 7881 21405 13007 3186
15 20 17 13 11 21
3.68 5.77 4.12 2.50 2.71 5.67
0.70 0.81 0.81 0.67 0.72 0.90
76.55 65.65 3.05 18.78 7.09 23.53
>4 >4 1 -1 2 3
2.08 2.13 2.13 1.77 1.90 2.68
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
SS-41 SS-42 SS-43 SS-44 III-1 III-2
5 65 10 10 12 25
1 28 1 7 24
3 2
42 209 13 18 8 63
1
58 239 65 66 36 80
3 3 1
2
2 38 6 5 36 16
10 12 5 12 1
3 11 15
3 5 6 6 1
6 3
2 2 2 2
2
2 1
6
2 6 4
1 2 6
5 11 1 3
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
SS-41 SS-42 SS-43 SS-44 III-1 III-2
3 20 4 11
1
2 1 1 6
4 15 1 6 4
11 2 20 12
2 1 1
3
1
2 4 3 4
141 684 130 177 143 232
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
SS-41 SS-42 SS-43 SS-44 III-1 III-2
141 684 130 177 143 232
B-3 B-3 B-3 B-3 O B-3
0.03 0.07 0.42 0.10 0.02 0.02
0.03 0.09 0.42 0.11 0.05 0.03
4623 8033 308 1652 2643 8973
14 22 14 22 10 15
3.86 4.34 3.98 6.62 2.45 3.58
0.76 0.84 0.79 1.03 0.80 0.82
8.20 22.49 0.71 7.62 59.33 11.05
3 3 2 2 >4 2
2.97 2.19 3.83 3.77 1.99 2.04
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-3 III-4 III-5 III-6 III-7 III-8
11 29 9 10 5 17
1 9 9 4 7
37 66 23 16 17 28
1
1
42 75 48 34 70 44
1 5 4 2
3 18 32 20 25 26
1 10 6 6 6 1
1 11 4 7 7 2
2 8 5 10 5 2
1 1
1
1 1 4
3
1 2 3 3
4 2 1 2 5
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-3 III-4 III-5 III-6 III-7 III-8
1
8 3 1 1 2
4 2 5 2 2 7
3 10 6 6 1 5
12 8 5 3 15
1
2
2
1 6 4 2 1 1
134 264 163 129 143 177
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-3 III-4 III-5 III-6 III-7 III-8
134 264 163 129 143 177
B-3 B-3 B-3 B-3 B-3 B-3
0.03 0.22 0.23 0.40 2.92 0.06
0.03 0.23 0.24 0.43 3.03 0.07
4278 1170 687 300 47 2588
18 16 17 16 13 22
5.60 3.75 4.78 4.81 3.47 6.59
0.89 0.94 0.96 1.01 0.73 1.05
13.79 4.29 5.16 7.60 3.77 6.42
3 2 2 2 2 2
2.19 2.86 2.76 3.46 2.99 2.16
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-10 III-11 III-12 III-13 III-14 III-15
2 5 7 2 5 8
8 12 5 7 7 8
2 1
15 14 20 7 12 14
1 5 1 2
66 34 47 43 39 116
3 1 3
1 1 4
29 14 14 18 11 23
1 5 5 1 1
1 4 4 4 6 1
3 2 5 7 2
1 1
3 3 3 2 10 5
1 1
3 3 2 2 1
9 5 2 1 7 1
1 1 1
5 11 1
12 1 1 7 2 6
7 3 10 1
1 2 2 1 1
2 1
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-10 III-11 III-12 III-13 III-14 III-15
2 1 1 1 1
1 3
2 3 1 1
1 2
1 2
17 6 2 1 6 12
1 3 1 2
4 3 3 4 2 4
9 6 6 2 5
1
1
3
1 3
4 2 5 4 4 4
5 4
1
1 1
1
3 1 2
7 1 2
1
202 143 147 152 139 236
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-10 III-11 III-12 III-13 III-14 III-15
202 143 147 152 139 236
B-2 B-2 B-2 B-1 B-2 B-2
0.10 0.09 0.04 0.10 0.23 0.06
0.15 0.12 0.06 0.28 0.28 0.07
1303 1164 2462 546 495 3382
28 26 26 28 28 29
8.79 9.30 9.14 10.08 10.57 8.69
1.07 1.20 1.11 1.17 1.18 0.93
37.42 30.84 31.32 63.35 19.59 19.74
3 1 3 >4 2 -1
2.57 2.99 2.79 2.89 3.99 2.33
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-16 III-17 III-19 III-20 III-21 III-22
5 3 10 9 12 7
6 8 1 3 3 2
8 13 1 5 19 18
2 2 1
34 41 50 85 66 34
4 1 4 2 11
3
28 28 38 56 8 9
8 3 6
5 8 2 4
7 6 3 15
1
4 5 3
2 1 1
2 1
61 45 1 1
4 21 8 3
6 5 1 1
1 3 1 1 1
2 1 1
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-16 III-17 III-19 III-20 III-21 III-22
3
2 1
9 4 1 1 4 8
3 1 5 7
2 5 2 1 6 4
1
2 1 1
1 1
1 5 1 1 1
3 7 8 4 5
144 157 189 228 150 139
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-16 III-17 III-19 III-20 III-21 III-22
144 157 189 228 150 139
B-2 B-2 A A B-3 B-3
0.19 0.23 0.03 0.06 0.10 0.08
0.23 0.27 0.04 0.07 0.11 0.09
634 579 5280 3101 1321 1487
22 26 11 14 23 20
7.22 8.86 2.55 3.29 7.58 6.41
1.12 1.13 0.72 0.75 0.94 1.09
16.31 14.09 18.98 22.47 8.43 11.18
2 2 3 1 1 2
3.38 3.12 1.55 1.76 2.43 3.65
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-23 III-24 III-25 III-26 III-27 III-28
15 12 1 2 2 9
5 11 14 7 5 8
1 1 3
1
1 1
17 16 12 4 8 5
3
3 5 1
105 60 32 23 67 200
1 2 3 8 1 1
1 2 1 3 2
10 17 4 16 2 12
2 2 8 3 8
13 1
4 2 22 2 1
1 2
5
1
1 3 2
3
2 2 5 3
2 6 1 3
8 2 3 3 3
6 1 10 3 3 12
1
1 2
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-23 III-24 III-25 III-26 III-27 III-28
1 2 1 1
1
4 2 2 3
1
1 1
10 7 17 5 8 11
1 2
7 6 3 8
14 5 14 2 10 20
1
1
1 1 3
3 2 1 5 10
1 1
1 3 6
2 2 1 1 1 1
2 3 5
1
216 151 151 139 137 349
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-23 III-24 III-25 III-26 III-27 III-28
216 151 151 139 137 349
B-2 B-3 B-2 B-2 B-2 B-2
0.01 0.03 0.05 0.44 0.03 0.02
0.01 0.06 0.09 0.48 0.07 0.08
14762 2711 1698 289 1913 4436
22 18 27 24 24 36
6.13 5.33 9.54 8.37 8.34 10.01
0.89 0.93 1.19 1.17 0.95 0.89
31.66 51.52 49.39 7.81 59.51 72.04
2 >4 4 2 >4 >4
1.99 2.23 2.10 5.06 2.25 2.28
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-29 III-30 III-31 III-32 III-33 III-34
9 3 6 1 17
11 14 5 8 7 6
1
13 17 12 19 9 20
1
1 2 2 1
80 130 40 59 57 51
5 1 1 1 4 1
1 2 1
5 5 7 16 5
2 6 4 2 3 5
1 1 3
2 2 4 1
4 1 2 5 3
2 3
1 1
2 3
1 1 7
6 6 6 2 1
6 7 2 1
4 8 6 8 2
3 1 2  1
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-29 III-30 III-31 III-32 III-33 III-34
1 2 1 4
1 3
3 3 2 4 1 2
1 1
8 5 20 15 9 7
4 4 1 1 2 5
3 25 21 11 5 25
3
1
1 3 1
2 3 1
3 5 1
2
2
1
4 1
1 2 1
1
152 283 136 165 142 162
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-29 III-30 III-31 III-32 III-33 III-34
152 283 136 165 142 162
B-2 B-2 B-2 B-1 B-2 B-3
0.05 0.02 0.04 0.05 0.49 0.14
0.07 0.05 0.07 0.08 0.55 0.16
2154 5438 1852 2165 258 1013
20 34 25 22 18 22
6.16 10.06 8.99 6.82 5.46 6.87
0.84 1.03 1.04 1.03 0.95 1.00
33.39 55.80 50.99 34.39 10.84 9.92
2 >4 >4 3 2 2
2.20 2.28 2.40 2.08 2.61 2.71
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-35 III-36 III-37 III-38 III-39 III-40
21 21 6 17 2
7 4 5 5 26
1
30 18 25 15 7 1
1
55 50 51 100 138 73
1 2 1 1
9 6 7 2 5 16
5 6 2 1
5 4 3
4 7 1
3 7
1
1 31 5
1 3 1 2 6 2
1
2 2 2 2 7
1
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-35 III-36 III-37 III-38 III-39 III-40
3 3 1
4 3 1 2
6 8 5 1 5
14 4 18 3 2 7
2
1
173 148 122 140 208 149
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-35 III-36 III-37 III-38 III-39 III-40
173 148 122 140 208 149
B-3 B-3 B-3 B-3 A B-1
0.28 0.17 0.04 0.50 0.02 0.06
0.32 0.18 0.05 0.51 0.03 0.19
537 814 2382 275 7015 777
19 18 13 12 8 13
5.44 5.37 3.68 3.14 1.65 3.43
0.98 0.99 0.77 0.50 0.50 0.74
12.81 5.42 14.08 2.21 22.43 69.23
3 2 2 3 2 >4
2.81 3.25 2.17 2.21 1.81 1.91
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-41 III-42 III-43 III-44 III-45 III-46
8 13 3 9 2 4
4 2 10 6 9 3
1 1
1 2
5 16 18 16 5 5
1
5 1 1 2
66 43 45 37 33 45
3 1 1 1
1 2
19 12 13 13 3 15
1 1 1 4 5
1 1
1 3 2
2 1 3
1
3 6 2 7 18
5 11 12 11 26 7
2 1 3 11
1 5 4 1 11
5 7 6 13 24 12
1
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-41 III-42 III-43 III-44 III-45 III-46
1 1 1 3 1
1 3
2 1 1 4
1 1
1
19 8 7 4 7 4
2 6 3 3 2
18 9 14 9 11 9
1
1
1 1 2
1 2 1 3
1
2 1 3
1
2
2 2 2 1
1
163 146 158 141 152 176
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-41 III-42 III-43 III-44 III-45 III-46
163 146 158 141 152 176
B-1 B-1 B-1 B-1 C B-1
0.16 0.18 0.12 0.52 0.13 0.09
0.23 0.19 0.13 0.56 0.27 0.18
712 758 1177 250 565 984
15 26 23 25 26 28
4.03 9.17 7.36 8.80 8.94 9.31
0.88 1.09 1.10 1.11 1.12 1.20
31.39 9.16 9.09 7.35 51.35 52.47
3 3 3 2 >4 >4
1.92 2.13 1.87 2.12 1.80 2.16
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-47 III-50 III-51 III-52 III-53 III-54
2 3 2 2 7
3 3 2 1 5 13
4
1 5 1 14 16
1 1
2
31 47 42 18 47 85
1 1
19 9 4 4 14 10
1 3 2 1 1
1
1
1
2 1 1
1 2
1 1 1
1
1
5 5 17 33 12 8
5 2 7 14 13 14
11 1 8 4 5 2
10 10 3 5 10 6
5 17 22 20 14 5
1 3 1 1 2
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-47 III-50 III-51 III-52 III-53 III-54
5 6 6 1
1
2 4 1 3 5 2
2
9 3 6 1 2 8
6 8 3 5 2 2
9 17 14 8 14 11
2 1
1
1
1 2 1 1 1
2 2 5 3 2
2
1
1 1 1 3
2
2
1
1
1
132 155 158 131 174 201
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-47 III-50 III-51 III-52 III-53 III-54
132 155 158 131 174 201
B-1 B-1 C C B-1 B-1
0.10 0.03 0.02 0.06 0.20 0.10
0.14 0.05 0.04 0.10 0.23 0.13
950 2870 4078 1357 744 1584
23 25 27 24 27 23
8.02 8.41 9.25 8.58 8.92 6.66
1.13 1.11 1.14 1.08 1.13 0.99
25.90 38.89 45.80 33.69 14.88 18.83
3 4 4 3 3 3
1.96 1.96 1.89 1.60 1.95 1.87
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-55 III-56 III-57 III-58 III-59 III-60
4 2 5 5 1 2
3 4 4 1 5
5 3 1 1 9
1
47 17 33 27 97 34
4 1
1 1 1
12 17 16 13 6
3
1 3 2
2
4 6 2
1
1
1
3 1
1 1
35 3 6 4 5
2 24 2 7 9 7
4 1 3 6 5
20 2 4 34 3
5 21 7 15 16 2
2 2
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-55 III-56 III-57 III-58 III-59 III-60
1 1 1 3
1 1
2 8 4
6
1
16 1 2 1
2 4 8 2
10 1 2 4 13 5
6
1
1 1
2
1 1 1 12 2
1 1
2
1
1
1
1
1
2
132 146 98 106 228 100
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-55 III-56 III-57 III-58 III-59 III-60
132 146 98 106 228 100
B-2 C B-1 B-1 C B-1
0.16 0.13 0.54 0.13 0.01 0.09
0.17 0.24 0.55 0.20 0.19 0.10
777 619 179 518 1211 1004
24 10 25 21 27 19
8.55 2.43 10.77 7.85 7.91 6.95
1.05 0.86 1.07 1.10 0.96 1.06
5.29 46.97 1.33 37.48 94.16 11.64
2 4 3 3 >4 2
2.58 1.32 2.83 1.88 1.69 2.02
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-61 III-62 III-64 III-65 III-66 III-67
7 11 3
1 2 1 4
1 1
1 3 1 2 2 1
1 2 2
27 33 62 45 19 35
2 1
4 16 19 6 8 9
2 3 4 2
1
1
1 3
3
42 30 10 38 22 26
9 8 15 15 20
3 3 1 8 6 2
13 3 4 8 10 6
11 8 6 7 18 15
1 1 2
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Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-61 III-62 III-64 III-65 III-66 III-67
1 1 1
1 3 1
2 2 4 1
1 1 1
2 1 2
1 2 2
3 6 2 7 5
1
1 3 6 2
3
1
1
1
1
1 2
129 133 125 149 131 132
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-61 III-62 III-64 III-65 III-66 III-67
129 133 125 149 131 132
C B-1 A C C C
0.04 0.49 0.66 0.65 0.01 0.02
0.07 0.52 0.67 0.70 0.03 0.06
1951 258 186 213 4497 2396
19 19 16 18 21 17
6.15 6.07 4.87 5.36 7.04 5.19
0.94 1.02 0.77 0.93 1.11 0.95
36.48 5.68 2.34 7.50 55.37 70.96
3 2 3 3 >4 >4
1.71 1.72 2.09 1.64 1.69 1.60
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Sample
Other Miliolida
Affinetrina
Articulina
Cornuspira
Hauerina
Lachlanella
Miliolinella
Nodobaculariella
Pyrgo
Quinqueloculina
Siphonaperta
Spiroloculina
Triloculina
Wiesnerella
Symb-Miliolida
Juvenile Symb-Miliolida
Androsina
Archaias
Borelis
Cyclorbiculina
Laevipeneroplis
Monalysidium
Peneroplis
Sorites
Spirolina
Symb-Rotaliida
Amphistegina
Asterigerina
Opportunistic Rotaliida
Ammonia
Cribroelphidium
Elphidium
Haynesina
Nonion
Nonionella
Nonionoides
III-68 III-69 III-70 III-71 III-72 III-73
17 10 8 12
2 1 9 4 3
22 43 27 1 11
2 5
14 34 55 26 80
1 3 2 1
2
3 16 9 16 45
2 4 13 7 1
2 1
5 1 4
1
1
2 5
1
34 1 75 23
4 2 1 1 29 7
6 5 3 1 2
3 2 8 3
29 9 3 2 24 1
3
198
Appendix VI continued
 
Sample
Other Rotaliida
Cibicides
Cymbaloporetta
Discorbis
Eponides
Glabratella
Glabratellina
Neoconorbina
Neoeponides
Planorbulina
Rosalina
Valvulineria
Robertinida
Robertinoides
Spirillinida
Patellina
Spirillina
Lagenida
Polymorphina
Buliminida
Bolivina
Brizalina
Bulimina
Buliminella
Floresina
Fursenkoina
Hopkinsinella
Reussella
Sagrina
Sigmavirgulina
Uvigerina
Textulariida (Agglutinated)
Clavulina
Valvulina
Lituolida (Agglutinated)
Discammina
Reophax
Planktonic Foraminifera
Total # of Forams Picked
III-68 III-69 III-70 III-71 III-72 III-73
1
3 4 5 3 2
2 1
18 2 3 2
2 1 7 12 1 3
5 11 18 13 2
1
1
1 1 1 1
8 2
1
1
111 174 194 136 139 200
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Sample
Total # of Forams Picked
SIMPER Group 
Mass Assessed, grams
Total Mass Assessed
Forams/Gram
Number of Genera
Fisher Alpha Index
Shannon Diversity Index
% Mud
Φ, Median Grain Size
FORAM Index
III-68 III-69 III-70 III-71 III-72 III-73
111 174 194 136 139 200
C B-2 B-3 B-3 C A
0.02 0.02 0.03 0.04 0.08 0.02
0.03 0.02 0.04 0.04 0.49 0.04
3222 7146 4559 3150 284 4704
15 25 21 20 7 18
4.68 8.00 5.97 6.47 1.55 4.79
0.89 1.15 1.01 1.06 0.54 0.83
56.46 26.07 27.15 16.61 83.47 57.66
>4 0 2 3 >4 >4
1.53 2.55 2.73 2.66 1.02 1.90
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Appendix VII  Correlation matrix of measured elements and mud
(N=137, highlighted correlations are significant at p<0.05)
Ag Cu Mn Mo Ni Pb Zn Al Ba Bi Ca Co Cr
Ag 1.00             
Cu 0.47 1.00            
Mn 0.30 0.21 1.00           
Mo 0.64 0.32 0.31 1.00          
Ni 0.36 0.54 0.39 0.26 1.00         
Pb 0.12 0.74 0.15 -0.07 0.52 1.00        
Zn 0.60 0.77 0.38 0.42 0.66 0.57 1.00       
Al 0.50 0.65 0.58 0.41 0.63 0.61 0.67 1.00      
Ba -0.06 0.23 0.37 -0.15 0.55 0.43 0.20 0.42 1.00     
Bi -0.46 -0.05 -0.16 -0.49 0.03 0.24 -0.22 -0.14 0.48 1.00    
Ca -0.13 -0.31 0.32 -0.07 0.06 -0.15 -0.36 0.06 0.60 0.35 1.00   
Co 0.02 0.17 0.20 0.05 0.25 0.06 0.18 0.12 0.31 0.31 0.04 1.00  
Cr 0.39 0.57 0.52 0.31 0.65 0.62 0.54 0.86 0.62 0.03 0.35 0.09 1.00
Fe 0.59 0.76 0.56 0.46 0.60 0.63 0.74 0.90 0.37 -0.21 0.02 0.08 0.84
K 0.08 0.09 0.20 0.07 0.36 -0.02 0.30 0.06 0.20 -0.08 -0.15 0.36 0.00
Mg 0.02 -0.28 0.41 0.16 0.12 -0.36 -0.16 -0.05 0.36 0.06 0.47 0.23 0.03
Na 0.05 0.11 0.14 0.01 0.40 0.08 0.31 0.07 0.33 0.00 -0.08 0.24 0.10
Pb 0.55 0.52 0.25 0.48 0.55 0.36 0.59 0.45 0.21 -0.27 -0.09 0.05 0.47
Sn 0.80 0.48 0.27 0.68 0.48 0.06 0.61 0.44 0.03 -0.45 -0.09 0.09 0.39
Sr -0.08 -0.33 0.05 -0.07 -0.03 -0.22 -0.42 -0.07 0.44 0.33 0.91 -0.04 0.25
V 0.26 0.41 0.72 0.30 0.54 0.48 0.51 0.77 0.51 -0.05 0.20 0.21 0.77
Y 0.35 0.41 0.63 0.32 0.50 0.43 0.45 0.84 0.46 0.01 0.28 0.16 0.83
Zr -0.55 -0.13 0.15 -0.58 0.00 0.29 -0.16 0.07 0.40 0.49 0.22 0.08 0.13
S 0.41 0.62 0.50 0.34 0.73 0.58 0.74 0.75 0.56 -0.12 0.02 0.13 0.76
Hg 0.56 0.71 0.31 0.29 0.57 0.66 0.76 0.68 0.17 -0.28 -0.21 -0.06 0.65
% Mud -0.11 -0.15 -0.15 -0.11 -0.14 -0.03 -0.13 -0.20 -0.14 0.08 0.05 -0.10 -0.08
Ag Cu Mn Mo Ni Pb Zn Al Ba Bi Ca Co Cr
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Ag
Cu
Mn
Mo
Ni
Pb
Zn
Al
Ba
Bi
Ca
Co 
Cr
Fe
K
Mg
Na
Pb
Sn
Sr
V
Y
Zr
S
Hg
% Mud
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Fe K Mg Na P Sn Sr V Y Zr S Hg Mud 
             
             
             
             
             
             
             
             
             
             
             
             
             
1.00             
0.07 1.00            
-0.07 0.48 1.00           
0.09 0.88 0.50 1.00          
0.57 0.24 0.04 0.30 1.00         
0.56 0.19 0.09 0.15 0.60 1.00        
-0.08 -0.17 0.36 -0.11 -0.07 -0.01 1.00       
0.75 0.27 0.26 0.31 0.34 0.26 -0.01 1.00      
0.72 -0.07 0.09 -0.04 0.28 0.25 0.09 0.78 1.00     
-0.05 -0.16 -0.12 -0.11 -0.33 -0.71 0.00 0.23 0.26 1.00    
0.79 0.36 0.14 0.48 0.62 0.46 -0.12 0.75 0.61 0.04 1.00   
0.76 0.10 -0.36 0.12 0.56 0.50 -0.23 0.46 0.46 -0.13 0.65 1.00  
-0.14 -0.36 -0.25 -0.40 -0.09 -0.23 0.07 -0.20 -0.10 0.20 -0.20 -0.02 1.00
Fe K Mg Na P Sn Sr V Y Zr S Hg Mud
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Appendix VIII  SIMPER output of dissimilarity among sample groups
Groups C & B-1
Average dissimilarity = 43.44 
Group C Group B-1
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Ammonia 19.99 4.37 3.52 1.63 8.1 8.1
Quinqueloculina 20.57 34 2.45 1.07 5.65 13.75
Cribroelphidium 12.68 4.6 2.21 1.27 5.08 18.83
Miliolinella 0.52 4.81 2.19 1.67 5.05 23.87
Affinetrina 0.71 4.76 2.13 1.77 4.91 28.78
Nonion 11.6 4.68 2.1 1.54 4.82 33.61
Triloculina 5.7 10.76 2.09 1.3 4.8 38.41
Neoeponides 0.51 3.55 2.04 1.66 4.7 43.11
Haynesina 7.17 3.15 1.92 1.32 4.42 47.53
Valvulineria 3.11 5.45 1.65 1.26 3.8 51.33
Articulina 1.17 3.7 1.58 1.29 3.63 54.96
Brizalina 3.64 1.27 1.47 1.47 3.38 58.34
Rosalina 1.61 2.48 1.26 1.41 2.9 61.24
Elphidium 2.21 1.94 1.21 1.33 2.79 64.03
Discorbis 1.52 1.62 1.09 1.23 2.52 66.55
Bolivina 1.12 0.86 1.01 1.31 2.32 68.87
Juv Symb-Mil 0.62 0.81 0.94 1.15 2.16 71.03
Cibicides 0.47 0.77 0.88 1.07 2.03 73.06
Spiroloculina 0.2 0.76 0.87 1.19 2 75.05
Nonionoides 0.66 0.36 0.82 1.16 1.89 76.95
Glabratella 0.55 0.28 0.71 1 1.63 78.58
Pyrgo 0.19 0.46 0.65 0.86 1.49 80.07
Peneroplis 0.23 0.42 0.63 0.94 1.46 81.53
Buliminella 0.43 0.26 0.62 0.85 1.44 82.97
Archaias 0 0.67 0.61 0.67 1.4 84.36
Siphonaperta 0.16 0.36 0.56 0.89 1.28 85.65
Cymbaloporetta 0.12 0.43 0.54 0.76 1.25 86.9
Laevipeneroplis 0.03 0.42 0.53 0.77 1.22 88.12
Monalysidium 0.33 0.19 0.51 0.74 1.18 89.29
Floresina 0.12 0.27 0.48 0.79 1.1 90.39
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Groups C & A  
Average dissimilarity = 47.39
Group C Group A
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Nonion 11.6 0.94 4.23 1.96 8.93 8.93
Triloculina 5.7 19.95 3.92 1.28 8.26 17.19
Quinqueloculina 20.57 37.81 3.36 1.13 7.08 24.27
Affinetrina 0.71 6.08 2.99 2.13 6.3 30.57
Brizalina 3.64 0.02 2.74 2.22 5.78 36.35
Haynesina 7.17 1.92 2.48 1.43 5.22 41.58
Cribroelphidium 12.68 6.21 2.27 1.16 4.79 46.36
Miliolinella 0.52 3.78 2.21 1.53 4.66 51.02
Ammonia 19.99 17.71 2.17 1.2 4.59 55.61
Valvulineria 3.11 0.66 1.95 1.4 4.12 59.73
Elphidium 2.21 0.4 1.69 1.57 3.57 63.3
Rosalina 1.61 0.58 1.44 1.25 3.05 66.35
Discorbis 1.52 0.52 1.4 1.36 2.96 69.31
Bolivina 1.12 0 1.39 1.42 2.94 72.24
Articulina 1.17 0.69 1.18 1.25 2.5 74.74
Androsina 0.03 1.09 1.11 0.89 2.35 77.09
Nonionoides 0.66 0 0.95 1.1 2.01 79.1
Juv Symb-Mil 0.62 0.26 0.87 0.97 1.83 80.93
Neoeponides 0.51 0.29 0.78 0.86 1.65 82.57
Glabratella 0.55 0.06 0.74 0.84 1.56 84.13
Buliminella 0.43 0 0.58 0.68 1.23 85.36
Valvulina 0.24 0.33 0.58 0.61 1.23 86.59
Cibicides 0.47 0 0.56 0.63 1.18 87.77
Siphonaperta 0.16 0.19 0.49 0.72 1.03 88.8
Monalysidium 0.33 0 0.45 0.58 0.95 89.75
Peneroplis 0.23 0.12 0.44 0.58 0.93 90.68
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Groups B-1 & A  
Average dissimilarity = 41.68
Group B-1 Group A
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Ammonia 4.37 17.71 3.49 1.83 8.37 8.37
Valvulineria 5.45 0.66 2.69 2.21 6.45 14.82
Triloculina 10.76 19.95 2.54 1.23 6.09 20.92
Nonion 4.68 0.94 2.21 1.66 5.31 26.22
Neoeponides 3.55 0.29 2.21 1.65 5.3 31.52
Articulina 3.7 0.69 1.95 1.41 4.69 36.21
Rosalina 2.48 0.58 1.75 1.71 4.2 40.4
Miliolinella 4.81 3.78 1.63 1.36 3.9 44.3
Cribroelphidium 4.6 6.21 1.51 1.35 3.62 47.92
Haynesina 3.15 1.92 1.44 1.34 3.46 51.39
Elphidium 1.94 0.4 1.42 1.31 3.41 54.8
Quinqueloculina 34 37.81 1.4 1.29 3.35 58.15
Brizalina 1.27 0.02 1.38 1.43 3.31 61.46
Discorbis 1.62 0.52 1.36 1.42 3.27 64.73
Affinetrina 4.76 6.08 1.26 1.32 3.03 67.76
Androsina 0.15 1.09 1.06 0.93 2.55 70.31
Spiroloculina 0.76 0.03 1 1.22 2.4 72.7
Bolivina 0.86 0 0.99 0.99 2.37 75.07
Juv Sym Mil 0.81 0.26 0.93 1.13 2.24 77.31
Cibicides 0.77 0 0.89 0.95 2.15 79.45
Archaias 0.67 0.08 0.71 0.73 1.71 81.16
Pyrgo 0.46 0.1 0.68 0.82 1.63 82.79
Peneroplis 0.42 0.12 0.66 0.83 1.59 84.38
Siphonaperta 0.36 0.19 0.63 0.86 1.5 85.89
Valvulina 0.23 0.33 0.59 0.73 1.42 87.31
Laevipeneroplis 0.42 0.02 0.58 0.78 1.4 88.71
Cymbaloporetta 0.43 0 0.51 0.63 1.23 89.94
Glabratella 0.28 0.06 0.49 0.76 1.19 91.13
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Groups C & B-3
Average dissimilarity = 59.46
Group C Group B-3
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Miliolinella 0.52 20.73 5.87 3.48 9.88 9.88
Ammonia 19.99 0.32 5.87 2.39 9.88 19.75
Cribroelphidium 12.68 0.92 3.94 1.92 6.62 26.37
Affinetrina 0.71 8.86 3.45 2.66 5.81 32.18
Nonion 11.6 1.27 3.4 1.89 5.72 37.9
Haynesina 7.17 0.68 2.84 1.64 4.78 42.68
Quinqueloculina 20.57 32.89 2.59 1.02 4.35 47.04
Brizalina 3.64 0.13 2.34 2.06 3.94 50.98
Archaias 0 2.57 1.99 1.69 3.35 54.33
Triloculina 5.7 8.08 1.92 1.21 3.23 57.55
Valvulineria 3.11 4.36 1.8 1.32 3.03 60.58
Juv Symb-Mil 0.62 2.5 1.66 1.46 2.78 63.36
Androsina 0.03 2.07 1.56 1.14 2.63 65.99
Neoeponides 0.51 1.77 1.5 1.6 2.53 68.52
Valvulina 0.24 1.85 1.48 1.21 2.49 71.01
Elphidium 2.21 0.52 1.44 1.51 2.42 73.44
Rosalina 1.61 2.8 1.4 1.46 2.36 75.8
Articulina 1.17 2.25 1.35 1.37 2.27 78.07
Bolivina 1.12 0 1.25 1.42 2.11 80.18
Discorbis 1.52 1.65 1.23 1.2 2.07 82.25
Siphonaperta 0.16 1.29 1.22 1.4 2.05 84.29
Nonionoides 0.66 0.04 0.85 1.11 1.43 85.73
Laevipeneroplis 0.03 0.7 0.69 0.71 1.16 86.89
Peneroplis 0.23 0.4 0.69 1.03 1.15 88.04
Glabratella 0.55 0.06 0.66 0.82 1.12 89.16
Cibicides 0.47 0.04 0.53 0.67 0.9 90.06
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Appendix VIII continued
Gropus B-1 & B-3
Average dissimilarity = 40.00
Group B-1 Group B-3
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Miliolinella 4.81 20.73 3.43 1.87 8.58 8.58
Ammonia 4.37 0.32 2.19 1.65 5.48 14.05
Cribroelphidium 4.6 0.92 1.79 1.49 4.48 18.54
Haynesina 3.15 0.68 1.65 1.58 4.13 22.67
Archaias 0.67 2.57 1.6 1.47 3.99 26.66
Nonion 4.68 1.27 1.57 1.36 3.92 30.58
Triloculina 10.76 8.08 1.53 1.33 3.82 34.4
Androsina 0.15 2.07 1.45 1.15 3.63 38.03
Affinetrina 4.76 8.86 1.43 1.5 3.57 41.6
Juv Symb-Mil 0.81 2.5 1.42 1.43 3.55 45.15
Valvulineria 5.45 4.36 1.39 1.31 3.46 48.61
Valvulina 0.23 1.85 1.32 1.19 3.3 51.9
Neoeponides 3.55 1.77 1.29 1.25 3.23 55.14
Elphidium 1.94 0.52 1.24 1.29 3.09 58.23
Articulina 3.7 2.25 1.22 1.08 3.05 61.28
Quinqueloculina 34 32.89 1.19 1.27 2.97 64.25
Brizalina 1.27 0.13 1.19 1.38 2.96 67.21
Discorbis 1.62 1.65 1.16 1.25 2.89 70.1
Siphonaperta 0.36 1.29 1.08 1.34 2.7 72.8
Spiroloculina 0.76 0.05 0.9 1.2 2.26 75.06
Rosalina 2.48 2.8 0.9 1.28 2.24 77.3
Bolivina 0.86 0 0.9 0.99 2.24 79.54
Laevipeneroplis 0.42 0.7 0.82 0.97 2.05 81.59
Cibicides 0.77 0.04 0.81 0.96 2.02 83.61
Peneroplis 0.42 0.4 0.7 1.11 1.76 85.37
Pyrgo 0.46 0.26 0.67 0.95 1.67 87.04
Cymbaloporetta 0.43 0.06 0.51 0.72 1.28 88.33
Floresina 0.27 0.13 0.49 0.81 1.23 89.56
Nonionoides 0.36 0.04 0.46 0.68 1.14 90.7
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Appendix VIII continued
Groups A & B-3
Average dissimilarity = 45.73
Group A Group B-3
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Ammonia 17.71 0.32 6.13 3.02 13.42 13.42
Miliolinella 3.78 20.73 4.53 2.05 9.92 23.33
Triloculina 19.95 8.08 3.15 1.26 6.88 30.21
Cribroelphidium 6.21 0.92 2.72 1.75 5.95 36.17
Valvulineria 0.66 4.36 2.36 1.49 5.17 41.33
Archaias 0.08 2.57 2.12 1.62 4.64 45.98
Rosalina 0.58 2.8 1.99 1.79 4.36 50.34
Juv Symb-Mil 0.26 2.5 1.92 1.59 4.21 54.54
Quinqueloculina 37.81 32.89 1.75 1.28 3.83 58.37
Androsina 1.09 2.07 1.63 1.21 3.55 61.92
Articulina 0.69 2.25 1.6 1.44 3.49 65.41
Valvulina 0.33 1.85 1.57 1.2 3.44 68.86
Neoeponides 0.29 1.77 1.57 1.55 3.44 72.29
Haynesina 1.92 0.68 1.48 1.41 3.23 75.53
Discorbis 0.52 1.65 1.45 1.26 3.17 78.7
Affinetrina 6.08 8.86 1.45 1.11 3.17 81.87
Siphonaperta 0.19 1.29 1.39 1.43 3.03 84.91
Nonion 0.94 1.27 1.28 1.39 2.81 87.71
Elphidium 0.4 0.52 0.87 1.15 1.91 89.62
Laevipeneroplis 0.02 0.7 0.76 0.71 1.67 91.29
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Appendix VIII continued
Groups C & B-2
Average dissimilarity = 54.7
Group C Group B-2
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Ammonia 19.99 0.13 5.57 2.6 10.18 10.18
Cribroelphidium 12.68 1.34 3.44 1.77 6.29 16.47
Miliolinella 0.52 7.43 2.95 2.79 5.39 21.85
Nonion 11.6 2.19 2.75 1.74 5.03 26.89
Neoeponides 0.51 5.98 2.72 2.22 4.97 31.85
Quinqueloculina 20.57 35.75 2.63 1.12 4.81 36.66
Haynesina 7.17 1.45 2.26 1.5 4.13 40.79
Triloculina 5.7 7.99 1.82 1.27 3.33 44.12
Articulina 1.17 4.38 1.71 1.66 3.13 47.26
Archaias 0 2.49 1.71 1.46 3.13 50.39
Valvulineria 3.11 4.96 1.59 1.32 2.9 53.29
Affinetrina 0.71 2.94 1.52 1.5 2.78 56.07
Juv Symb-Mil 0.62 2.1 1.39 1.51 2.53 58.6
Androsina 0.03 1.86 1.38 1.26 2.52 61.13
Laevipeneroplis 0.03 1.7 1.35 1.31 2.46 63.59
Brizalina 3.64 1.48 1.31 1.41 2.39 65.98
Siphonaperta 0.16 1.49 1.21 1.36 2.22 68.2
Valvulina 0.24 1.3 1.13 1.19 2.07 70.27
Rosalina 1.61 2.07 1.13 1.43 2.06 72.34
Elphidium 2.21 2.18 1.02 1.26 1.86 74.2
Bolivina 1.12 0.37 0.97 1.34 1.76 75.96
Clavulina 0 0.76 0.95 1.48 1.73 77.7
Discorbis 1.52 1.19 0.92 1.28 1.68 79.37
Peneroplis 0.23 0.8 0.86 1.17 1.57 80.94
Pyrgo 0.19 0.83 0.84 1.04 1.54 82.48
Cibicides 0.47 0.58 0.81 1.26 1.48 83.96
Spiroloculina 0.2 0.67 0.79 1.22 1.45 85.41
Sorites 0.12 0.91 0.79 0.82 1.45 86.86
Nonionoides 0.66 0.21 0.75 1.14 1.37 88.23
Glabratella 0.55 0.05 0.61 0.84 1.11 89.35
Buliminella 0.43 0.17 0.57 0.81 1.04 90.39
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Appendix VIII continued
Groups B-1 & B-2
Average dissimilarity = 36.98
Group B-1 Group B-2
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Ammonia 4.37 0.13 2.2 1.85 5.94 5.94
Cribroelphidium 4.6 1.34 1.63 1.45 4.41 10.34
Triloculina 10.76 7.99 1.46 1.19 3.94 14.29
Archaias 0.67 2.49 1.4 1.31 3.79 18.08
Haynesina 3.15 1.45 1.33 1.37 3.59 21.67
Miliolinella 4.81 7.43 1.31 1.39 3.54 25.21
Androsina 0.15 1.86 1.28 1.26 3.47 28.68
Nonion 4.68 2.19 1.26 1.31 3.41 32.09
Quinqueloculina 34 35.75 1.25 1.48 3.39 35.48
Neoeponides 3.55 5.98 1.25 1.3 3.38 38.87
Juv Symb-Mil 0.81 2.1 1.16 1.42 3.15 42.02
Laevipeneroplis 0.42 1.7 1.14 1.28 3.07 45.09
Siphonaperta 0.36 1.49 1.09 1.34 2.94 48.03
Affinetrina 4.76 2.94 1.08 1.31 2.93 50.96
Elphidium 1.94 2.18 1.07 1.33 2.9 53.85
Valvulina 0.23 1.3 1.02 1.2 2.76 56.61
Valvulineria 5.45 4.96 0.98 1.36 2.65 59.26
Brizalina 1.27 1.48 0.9 1.31 2.44 61.71
Clavulina 0 0.76 0.9 1.49 2.43 64.14
Articulina 3.7 4.38 0.87 1.12 2.36 66.5
Discorbis 1.62 1.19 0.87 1.34 2.35 68.85
Pyrgo 0.46 0.83 0.82 1.13 2.22 71.06
Bolivina 0.86 0.37 0.81 1.13 2.18 73.25
Peneroplis 0.42 0.8 0.8 1.22 2.16 75.41
Cibicides 0.77 0.58 0.77 1.22 2.09 77.5
Spiroloculina 0.76 0.67 0.75 1.26 2.04 79.53
Rosalina 2.48 2.07 0.75 1.22 2.03 81.57
Sorites 0.1 0.91 0.74 0.83 2.01 83.57
Nonionoides 0.36 0.21 0.53 0.88 1.43 85
Cymbaloporetta 0.43 0.1 0.5 0.79 1.35 86.35
Fursenkoina 0.24 0.3 0.49 0.75 1.32 87.66
Floresina 0.27 0.15 0.46 0.82 1.25 88.91
Buliminella 0.26 0.17 0.42 0.71 1.15 90.06
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Appendix VIII continued
Groups A & B-2
Average dissimilarity = 51.29
Group A Group B-2 
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Ammonia 17.71 0.13 5.78 3.33 11.27 11.27
Neoeponides 0.29 5.98 3.01 2.43 5.86 17.13
Triloculina 19.95 7.99 2.94 1.25 5.72 22.86
Valvulineria 0.66 4.96 2.36 1.79 4.61 27.47
Cribroelphidium 6.21 1.34 2.34 1.54 4.57 32.04
Articulina 0.69 4.38 2.16 1.99 4.2 36.24
Archaias 0.08 2.49 1.81 1.4 3.52 39.76
Miliolinella 3.78 7.43 1.76 1.46 3.44 43.2
Quinqueloculina 37.81 35.75 1.67 1.37 3.25 46.45
Juv Symb-Mil 0.26 2.1 1.59 1.64 3.1 49.55
Affinetrina 6.08 2.94 1.58 1.54 3.09 52.64
Rosalina 0.58 2.07 1.53 1.71 2.99 55.63
Elphidium 0.4 2.18 1.52 1.56 2.97 58.6
Brizalina 0.02 1.48 1.51 1.67 2.95 61.55
Laevipeneroplis 0.02 1.7 1.49 1.33 2.9 64.45
Nonion 0.94 2.19 1.45 1.41 2.83 67.28
Androsina 1.09 1.86 1.39 1.27 2.71 69.99
Siphonaperta 0.19 1.49 1.37 1.38 2.66 72.65
Haynesina 1.92 1.45 1.28 1.36 2.49 75.14
Valvulina 0.33 1.3 1.2 1.2 2.35 77.49
Discorbis 0.52 1.19 1.12 1.54 2.19 79.68
Peneroplis 0.12 0.8 0.99 1.15 1.93 81.61
Clavulina 0.12 0.76 0.95 1.35 1.85 83.46
Pyrgo 0.1 0.83 0.92 1.01 1.79 85.25
Spiroloculina 0.03 0.67 0.91 1.26 1.78 87.03
Cibicides 0 0.58 0.86 1.27 1.68 88.71
Sorites 0 0.91 0.83 0.77 1.63 90.34
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Appendix VIII continued
Groups B-3 & B-2
Average dissimlarity = 36.9 
Group B-3Group B-2 
Species Av.Abund Av.Abund Av.Diss Diss/SD Contrib% Cum.%
Miliolinella 20.73 7.43 2.43 1.7 6.58 6.58
Affinetrina 8.86 2.94 1.92 1.78 5.22 11.8
Neoeponides 1.77 5.98 1.69 1.43 4.58 16.38
Triloculina 8.08 7.99 1.52 1.29 4.13 20.5
Quinqueloculina 32.89 35.75 1.49 1.36 4.02 24.53
Valvulineria 4.36 4.96 1.35 1.29 3.65 28.18
Androsina 2.07 1.86 1.35 1.31 3.65 31.83
Elphidium 0.52 2.18 1.3 1.48 3.52 35.34
Brizalina 0.13 1.48 1.29 1.59 3.5 38.85
Archaias 2.57 2.49 1.27 1.25 3.43 42.28
Laevipeneroplis 0.7 1.7 1.26 1.32 3.43 45.71
Articulina 2.25 4.38 1.22 1.21 3.3 49.01
Valvulina 1.85 1.3 1.2 1.26 3.25 52.26
Haynesina 0.68 1.45 1.11 1.29 3.02 55.28
Juv Symb-Mil 2.5 2.1 1.11 1.39 3 58.29
Nonion 1.27 2.19 1.08 1.32 2.92 61.2
Cribroelphidium 0.92 1.34 1.06 1.33 2.87 64.07
Siphonaperta 1.29 1.49 1 1.33 2.71 66.78
Discorbis 1.65 1.19 0.98 1.25 2.65 69.43
Rosalina 2.8 2.07 0.84 1.35 2.28 71.71
Pyrgo 0.26 0.83 0.83 1.09 2.25 73.96
Spiroloculina 0.05 0.67 0.83 1.24 2.25 76.21
Peneroplis 0.4 0.8 0.82 1.27 2.23 78.44
Clavulina 0.31 0.76 0.81 1.3 2.19 80.63
Sorites 0.06 0.91 0.78 0.81 2.1 82.73
Cibicides 0.04 0.58 0.77 1.26 2.09 84.82
Bolivina 0 0.37 0.51 0.8 1.39 86.21
Ammonia 0.32 0.13 0.51 0.87 1.37 87.58
Planorbulina 0 0.33 0.4 0.62 1.09 88.67
Neoconorbina 0.01 0.24 0.39 0.72 1.05 89.73
Fursenkoina 0.03 0.3 0.37 0.57 1 90.73
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Appendix IX  Environmental data collected by Southeast Research Center
SITE STA LAT LON NOX NO3 NO2 NH4 TN
Convoy Point 101 25.48 -80.32
N=133 Average 0.1390 0.1337 0.0052 0.0264 0.5155
St. Error 0.0170 0.0166 0.0005 0.0022 0.0203
Black Point 102 25.55 -80.29
N=133 Average 0.0934 0.0881 0.0053 0.0274 0.4856
St. Error 0.0128 0.0124 0.0005 0.0031 0.0165
Near Black Ledge 103 25.57 -80.29
N=133 Average 0.0459 0.0422 0.0037 0.0187 0.4040
St. Error 0.0076 0.0072 0.0004 0.0017 0.0127
BNP Marker C 104 25.60 -80.22
N=133 Average 0.0068 0.0055 0.0013 0.0089 0.2378
St. Error 0.0008 0.0007 0.0001 0.0005 0.0089
Biscayne Channel 105 25.65 -80.19
N=33 Average 0.0105 0.0086 0.0019 0.0120 0.2382
St. Error 0.0019 0.0018 0.0002 0.0008 0.0136
White Marker 106 25.63 -80.13
N=33 Average 0.0050 0.0037 0.0013 0.0084 0.1926
St. Error 0.0011 0.0010 0.0001 0.0007 0.0126
Fowey Rocks 107 25.59 -80.10
N=33 Average 0.0021 0.0012 0.0008 0.0064 0.1567
St. Error 0.0002 0.0002 0.0001 0.0008 0.0101
Marker G-1B 108 25.57 -80.19
N=133 Average 0.0034 0.0025 0.0009 0.0060 0.2063
St. Error 0.0004 0.0004 0.0000 0.0003 0.0081
Midbay North 109 25.56 -80.24
N=133 Average 0.0085 0.0071 0.0014 0.0084 0.2210
St. Error 0.0016 0.0015 0.0001 0.0006 0.0077
Fender Point 110 25.51 -80.29
N=133 Average 0.0768 0.0732 0.0036 0.0196 0.3695
St. Error 0.0102 0.0099 0.0003 0.0013 0.0148
Featherbed Bank 111 25.52 -80.24
N=133 Average 0.0080 0.0067 0.0013 0.0099 0.2285
St. Error 0.0016 0.0015 0.0001 0.0008 0.0081
Sands Cut 112 25.49 -80.19
N=133 Average 0.0049 0.0040 0.0010 0.0086 0.2049
St. Error 0.0016 0.0015 0.0001 0.0006 0.0073
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           Appendix IX continued
SITE STA LAT LON NOX NO3 NO2 NH4 TN
Elliott Key 113 25.441667 -80.22333
N=133 Average 0.012 0.011 0.001 0.020 0.245
St. Error 0.002 0.002 0.000 0.001 0.008
Caesar Creek 114 25.385 -80.19167
N=33 Average 0.003 0.002 0.001 0.008 0.184
St. Error 0.001 0.000 0.000 0.001 0.011
Adams Key 115 25.404167 -80.24083
N=33 Average 0.011 0.009 0.002 0.013 0.221
St. Error 0.002 0.001 0.000 0.001 0.011
Rubicon Keys 116 25.4 -80.255
N=133 Average 0.014 0.013 0.001 0.011 0.243
St. Error 0.002 0.002 0.000 0.001 0.008
Totten Key 117 25.385 -80.265
N=33 Average 0.017 0.015 0.002 0.020 0.304
St. Error 0.003 0.003 0.000 0.003 0.021
Broad Creek 118 25.348333 -80.255
N=33 Average 0.010 0.008 0.002 0.011 0.265
St. Error 0.002 0.002 0.000 0.001 0.024
Pumpkin Key 119 25.318333 -80.30333
N=33 Average 0.025 0.021 0.004 0.035 0.425
St. Error 0.004 0.003 0.001 0.005 0.035
Card Sound South 120 25.314167 -80.34333
N=33 Average 0.028 0.023 0.004 0.036 0.450
St. Error 0.004 0.003 0.001 0.005 0.033
Card Sound North 121 25.355 -80.29167
N=133 Average 0.014 0.012 0.002 0.014 0.293
St. Error 0.002 0.002 0.000 0.001 0.010
West Arsenicker 122 25.42017 -80.31083
N=133 Average 0.052 0.049 0.003 0.020 0.354
St. Error 0.008 0.008 0.000 0.001 0.013
Pelican Bank 123 25.445 -80.28333
N=133 Average 0.041 0.039 0.002 0.018 0.314
St. Error 0.004 0.004 0.000 0.001 0.012
South Midbay 124 25.4725 -80.23333
N=133 Average 0.010 0.009 0.001 0.019 0.267
St. Error 0.001 0.001 0.000 0.001 0.013
Turkey Point 125 25.47 -80.28333
N=33 Average 0.051 0.047 0.004 0.022 0.337
St. Error 0.010 0.010 0.000 0.002 0.021
BNP Marker B 126 25.67167 -80.205
N=100 Average 0.012 0.010 0.002 0.012 0.265
St. Error 0.002 0.002 0.000 0.001 0.015
Shoal Point 127 25.63 -80.25
N=100 Average 0.016 0.014 0.002 0.013 0.291
St. Error 0.003 0.003 0.000 0.001 0.013
Matheson Beach 128 25.68833 -80.23333
N=100 Average 0.017 0.015 0.002 0.012 0.303
St. Error 0.002 0.002 0.000 0.001 0.012
Marker G-71 129 25.73667 -80.185
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           Appendix IX continued
SITE STA LAT LON NOX NO3 NO2 NH4 TN
N=100 Average 0.016 0.013 0.002 0.019 0.268
St. Error 0.001 0.001 0.000 0.002 0.011
South Dodge Island 130 25.76333 -80.17167
N=100 Average 0.021 0.018 0.003 0.022 0.262
St. Error 0.002 0.002 0.000 0.002 0.012
North Venetian Basin 131 25.8 -80.16667
N=100 Average 0.025 0.022 0.002 0.017 0.269
St. Error 0.002 0.002 0.000 0.001 0.010
North I-195 Basin 132 25.81667 -80.16667
Average 0.017 0.015 0.002 0.015 0.280
St. Error 0.002 0.002 0.000 0.001 0.011
North Normandy Isle 133 25.86667 -80.15
N=100 Average 0.029 0.025 0.003 0.025 0.293
St. Error 0.003 0.002 0.000 0.002 0.013
Oleta River Park 134 25.905 -80.13333
N=100 Average 0.034 0.029 0.005 0.024 0.270
St. Error 0.004 0.003 0.001 0.003 0.014
South Card Sound 135 25.31667 -80.31667
N=100 Average 0.015 0.013 0.002 0.015 0.307
St. Error 0.002 0.002 0.000 0.001 0.012
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           Appendix IX continued
STA LAT LON DIN TON TP SRP APA CHLA
101 25.48 -80.32
Average 0.1654 0.3504 0.0066 0.0013 0.3710 0.38
St. Error 0.0185 0.0131 0.0004 0.0001 0.0271 0.02
102 25.55 -80.29
Average 0.1208 0.3648 0.0068 0.0015 0.4189 0.37
St. Error 0.0152 0.0128 0.0004 0.0001 0.0290 0.03
103 25.57 -80.29
Average 0.0646 0.3394 0.0063 0.0013 0.3820 0.38
St. Error 0.0088 0.0110 0.0004 0.0001 0.0250 0.05
104 25.60 -80.22
Average 0.0157 0.2221 0.0060 0.0010 0.1134 0.31
St. Error 0.0011 0.0088 0.0004 0.0001 0.0063 0.02
105 25.65 -80.19
Average 0.0224 0.2158 0.0054 0.0007 0.0787 0.51
St. Error 0.0023 0.0130 0.0002 0.0001 0.0044 0.05
106 25.63 -80.13
Average 0.0133 0.1793 0.0057 0.0005 0.0797 0.62
St. Error 0.0016 0.0125 0.0003 0.0001 0.0084 0.06
107 25.59 -80.10
Average 0.0085 0.1483 0.0045 0.0005 0.0516 0.46
St. Error 0.0009 0.0103 0.0002 0.0001 0.0043 0.05
108 25.57 -80.19
Average 0.0094 0.1969 0.0060 0.0008 0.0956 0.28
St. Error 0.0005 0.0081 0.0004 0.0001 0.0051 0.02
109 25.56 -80.24
Average 0.0169 0.2041 0.0053 0.0008 0.1235 0.28
St. Error 0.0019 0.0074 0.0003 0.0001 0.0061 0.02
110 25.51 -80.29
Average 0.0964 0.2730 0.0058 0.0010 0.1990 0.30
St. Error 0.0110 0.0104 0.0003 0.0001 0.0118 0.02
111 25.52 -80.24
Average 0.0179 0.2106 0.0056 0.0008 0.1280 0.26
St. Error 0.0021 0.0077 0.0003 0.0001 0.0068 0.02
112 25.49 -80.19
Average 0.0135 0.1913 0.0062 0.0008 0.1059 0.29
St. Error 0.0018 0.0070 0.0003 0.0001 0.0053 0.02
113 25.44 -80.22
Average 0.0327 0.2127 0.0058 0.0008 0.1480 0.29
St. Error 0.0023 0.0079 0.0003 0.0001 0.0078 0.02
114 25.39 -80.19
Average 0.0111 0.1733 0.0054 0.0006 0.0801 0.42
St. Error 0.0012 0.0118 0.0004 0.0001 0.0058 0.05
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           Appendix IX continued
STA LAT LON DIN TON TP SRP APA CHLA
115 25.40 -80.24
Average 0.0243 0.1963 0.0046 0.0006 0.1111 0.36
St. Error 0.0022 0.0112 0.0002 0.0001 0.0115 0.05
116 25.40 -80.26
Average 0.0255 0.2172 0.0059 0.0008 0.1241 0.31
St. Error 0.0030 0.0079 0.0003 0.0001 0.0066 0.02
117 25.39 -80.27
Average 0.0369 0.2675 0.0051 0.0007 0.1362 0.41
St. Error 0.0051 0.0194 0.0002 0.0001 0.0078 0.05
118 25.35 -80.26
Average 0.0210 0.2436 0.0049 0.0006 0.1094 0.38
St. Error 0.0028 0.0236 0.0002 0.0001 0.0082 0.05
119 25.32 -80.30
Average 0.0594 0.3658 0.0061 0.0007 0.2157 0.69
St. Error 0.0086 0.0306 0.0003 0.0001 0.0358 0.11
120 25.31 -80.34
Average 0.0635 0.3863 0.0065 0.0009 0.1948 0.62
St. Error 0.0081 0.0288 0.0005 0.0002 0.0220 0.10
121 25.36 -80.29
Average 0.0282 0.2644 0.0060 0.0008 0.1439 0.36
St. Error 0.0027 0.0096 0.0003 0.0001 0.0077 0.03
122 25.42 -80.31
Average 0.0721 0.2819 0.0062 0.0010 0.3099 0.37
St. Error 0.0091 0.0103 0.0003 0.0001 0.0162 0.03
123 25.45 -80.28
Average 0.0593 0.2548 0.0056 0.0009 0.1636 0.32
St. Error 0.0048 0.0107 0.0003 0.0001 0.0074 0.02
124 25.47 -80.23
Average 0.0288 0.2381 0.0051 0.0008 0.1576 0.28
St. Error 0.0022 0.0124 0.0002 0.0001 0.0080 0.02
125 25.47 -80.28
Average 0.0728 0.2639 0.0044 0.0009 0.1498 0.39
St. Error 0.0116 0.0187 0.0002 0.0002 0.0077 0.06
126 25.67 -80.21
Average 0.0235 0.2413 0.0069 0.0010 0.1336 0.45
St. Error 0.0030 0.0146 0.0004 0.0001 0.0112 0.04
127 25.63 -80.25
Average 0.0297 0.2617 0.0065 0.0011 0.1625 0.35
St. Error 0.0040 0.0125 0.0005 0.0001 0.0099 0.06
128 25.69 -80.23
Average 0.0290 0.2740 0.0068 0.0011 0.1465 0.58
St. Error 0.0028 0.0120 0.0004 0.0001 0.0131 0.07
129 25.74 -80.19
Average 0.0345 0.2339 0.0074 0.0011 0.1371 0.81
St. Error 0.0029 0.0105 0.0004 0.0001 0.0101 0.07
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           Appendix IX continued
STA LAT LON DIN TON TP SRP APA CHLA
130 25.76 -80.17
Average 0.0432 0.2191 0.0079 0.0012 0.1160 0.93
St. Error 0.0039 0.0103 0.0004 0.0001 0.0086 0.08
131 25.80 -80.17
Average 0.0419 0.2267 0.0088 0.0013 0.1437 1.21
St. Error 0.0029 0.0094 0.0004 0.0002 0.0155 0.10
132 25.82 -80.17
Average 0.0320 0.2485 0.0086 0.0012 0.1597 1.08
St. Error 0.0029 0.0106 0.0004 0.0001 0.0138 0.12
133 25.87 -80.15
Average 0.0532 0.2403 0.0113 0.0013 0.2423 1.82
St. Error 0.0048 0.0127 0.0005 0.0001 0.0231 0.13
134 25.91 -80.13
Average 0.0580 0.2124 0.0105 0.0014 0.1822 1.67
St. Error 0.0068 0.0117 0.0005 0.0001 0.0182 0.11
135 25.32 -80.32
Average 0.0300 0.2767 0.0067 0.0012 0.1442 0.38
St. Error 0.0031 0.0116 0.0004 0.0001 0.0088 0.03
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           Appendix IX continued
STA LAT LON
101 25.48 -80.32
Average
St. Error
102 25.55 -80.29
Average
St. Error
103 25.57 -80.29
Average
St. Error
104 25.60 -80.22
Average
St. Error
105 25.65 -80.19
Average
St. Error
106 25.63 -80.13
Average
St. Error
107 25.59 -80.10
Average
St. Error
108 25.57 -80.19
Average
St. Error
109 25.56 -80.24
Average
St. Error
110 25.51 -80.29
Average
St. Error
111 25.52 -80.24
Average
St. Error
112 25.49 -80.19
Average
St. Error
113 25.44 -80.22
Average
St. Error
114 25.39 -80.19
Average
St. Error
TOC Si(OH)4 SAL_S SAL_B TEMP_S TEMP_B
4.44 0.19 27.91 29.38 26.28 26.35
0.11 0.02 0.57 0.51 0.36 0.36
4.99 0.38 26.91 27.56 26.01 26.01
0.10 0.04 0.54 0.52 0.38 0.38
4.37 0.20 29.23 29.55 26.04 26.05
0.11 0.02 0.46 0.46 0.36 0.36
2.54 0.03 34.93 34.98 25.69 25.69
0.07 0.00 0.18 0.18 0.35 0.36
2.53 N/A 33.67 33.95 26.09 26.14
0.16 N/A 0.44 0.38 0.59 0.59
2.30 N/A 34.85 35.26 26.50 26.50
0.18 N/A 0.28 0.20 0.51 0.51
1.81 N/A 35.59 35.71 26.72 26.68
0.16 N/A 0.16 0.13 0.43 0.43
2.33 0.03 35.31 35.35 25.80 25.80
0.06 0.00 0.13 0.13 0.36 0.36
2.57 0.03 35.15 35.28 25.78 25.77
0.07 0.00 0.19 0.18 0.36 0.36
3.61 0.08 31.10 31.67 26.07 26.08
0.09 0.01 0.46 0.42 0.35 0.35
2.66 0.03 35.38 35.53 25.74 25.73
0.07 0.00 0.20 0.17 0.36 0.36
2.41 0.02 35.65 35.65 25.83 25.83
0.06 0.00 0.13 0.12 0.36 0.36
2.74 0.03 35.27 35.39 25.72 25.71
0.07 0.00 0.23 0.20 0.35 0.35
2.08 N/A 35.38 35.47 26.52 26.49
0.15 N/A 0.19 0.18 0.58 0.57
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           Appendix IX continued
STA LAT LON
115 25.40 -80.24
Average
St. Error
116 25.40 -80.26
Average
St. Error
117 25.39 -80.27
Average
St. Error
118 25.35 -80.26
Average
St. Error
119 25.32 -80.30
Average
St. Error
120 25.31 -80.34
Average
St. Error
121 25.36 -80.29
Average
St. Error
122 25.42 -80.31
Average
St. Error
123 25.45 -80.28
Average
St. Error
124 25.47 -80.23
Average
St. Error
125 25.47 -80.28
Average
St. Error
126 25.67 -80.21
Average
St. Error
127 25.63 -80.25
Average
St. Error
128 25.69 -80.23
Average
St. Error
129 25.74 -80.19
Average
St. Error
TOC Si(OH)4 SAL_S SAL_B TEMP_S TEMP_B
2.47 N/A 34.39 34.43 26.20 26.19
0.14 N/A 0.36 0.35 0.59 0.59
2.83 0.04 34.71 35.01 25.84 25.85
0.07 0.01 0.23 0.20 0.35 0.36
3.32 N/A 32.62 32.67 26.15 26.17
0.21 N/A 0.59 0.58 0.60 0.60
2.73 N/A 33.95 33.95 26.22 26.25
0.16 N/A 0.42 0.42 0.59 0.60
4.35 N/A 30.77 31.92 26.43 26.54
0.18 N/A 0.64 0.49 0.61 0.65
4.80 N/A 29.71 30.31 26.53 26.49
0.24 N/A 0.76 0.70 0.59 0.61
3.59 0.04 33.18 33.73 25.93 25.95
0.09 0.00 0.30 0.25 0.35 0.35
4.20 0.10 31.20 31.65 25.87 25.89
0.11 0.01 0.45 0.44 0.35 0.36
3.40 0.06 32.88 33.34 25.69 25.73
0.10 0.01 0.35 0.31 0.35 0.35
2.94 0.03 35.11 35.31 25.74 25.72
0.10 0.00 0.22 0.20 0.35 0.35
3.31 N/A 30.91 31.50 25.76 25.93
0.19 N/A 0.75 0.69 0.61 0.61
3.10 0.11 33.69 34.44 25.82 25.70
0.09 0.01 0.31 0.23 0.41 0.41
3.53 0.11 32.37 33.15 25.91 25.84
0.10 0.01 0.40 0.35 0.41 0.42
3.70 0.12 31.44 32.29 25.93 25.83
0.08 0.01 0.34 0.31 0.42 0.42
3.30 0.21 32.57 33.69 25.97 25.95
0.08 0.02 0.29 0.22 0.38 0.37
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           Appendix IX continued
STA LAT LON
130 25.76 -80.17
Average
St. Error
131 25.80 -80.17
Average
St. Error
132 25.82 -80.17
Average
St. Error
133 25.87 -80.15
Average
St. Error
134 25.91 -80.13
Average
St. Error
135 25.32 -80.32
Average
St. Error
TOC Si(OH)4 SAL_S SAL_B TEMP_S TEMP_B
3.27 0.24 33.02 33.73 26.19 26.16
0.13 0.03 0.24 0.21 0.35 0.35
3.46 0.24 31.65 32.24 26.09 26.05
0.08 0.02 0.24 0.23 0.38 0.38
3.89 0.20 30.60 31.11 25.82 25.80
0.09 0.01 0.30 0.29 0.41 0.41
3.80 0.36 30.38 32.67 26.06 26.21
0.11 0.03 0.39 0.23 0.39 0.40
3.52 0.24 31.89 35.12 26.40 26.15
0.16 0.02 0.41 0.13 0.33 0.30
4.30 0.06 32.09 33.22 25.81 25.92
0.11 0.01 0.40 0.33 0.41 0.42
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           Appendix IX continued
STA LAT LON
101 25.48 -80.32
Average
St. Error
102 25.55 -80.29
Average
St. Error
103 25.57 -80.29
Average
St. Error
104 25.60 -80.22
Average
St. Error
105 25.65 -80.19
Average
St. Error
106 25.63 -80.13
Average
St. Error
107 25.59 -80.10
Average
St. Error
108 25.57 -80.19
Average
St. Error
109 25.56 -80.24
Average
St. Error
110 25.51 -80.29
Average
St. Error
111 25.52 -80.24
Average
St. Error
112 25.49 -80.19
Average
St. Error
113 25.44 -80.22
Average
St. Error
114 25.39 -80.19
Average
St. Error
DO_S DO_B TURB pH TN:TP N:P
6.73 7.07 0.71 8.18 214.98 561.47
0.12 0.15 0.05 0.02 12.69 134.41
6.97 7.13 0.48 8.29 187.17 1158.12
0.13 0.14 0.02 0.02 12.04 625.41
6.87 6.93 0.58 8.24 177.59 302.71
0.11 0.12 0.03 0.02 10.68 52.60
6.25 6.30 1.12 8.17 116.48 73.49
0.07 0.08 0.07 0.02 8.91 8.69
6.21 6.19 2.05 N/A 102.41 155.42
0.10 0.10 0.21 N/A 7.01 44.91
6.31 6.32 1.21 N/A 83.23 119.82
0.11 0.10 0.16 N/A 7.66 30.56
6.36 6.34 0.50 N/A 90.70 57.81
0.09 0.10 0.11 N/A 11.07 9.76
6.24 6.25 0.80 8.18 99.17 51.16
0.09 0.09 0.05 0.02 8.23 6.00
6.30 6.30 0.84 8.17 119.76 82.49
0.08 0.08 0.05 0.03 8.80 9.81
6.58 6.67 0.64 8.16 166.56 381.52
0.09 0.10 0.04 0.02 9.98 72.00
6.18 6.22 1.08 8.19 104.95 136.69
0.08 0.09 0.17 0.02 5.90 43.73
6.11 6.13 0.86 8.16 85.22 N/A
0.09 0.10 0.06 0.03 4.76 N/A
6.26 6.27 0.88 8.21 113.12 202.27
0.07 0.07 0.05 0.02 6.42 25.31
6.34 6.38 3.87 N/A 91.66 71.26
0.11 0.11 0.92 N/A 9.58 13.30
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           Appendix IX continued
STA LAT LON
115 25.40 -80.24
Average
St. Error
116 25.40 -80.26
Average
St. Error
117 25.39 -80.27
Average
St. Error
118 25.35 -80.26
Average
St. Error
119 25.32 -80.30
Average
St. Error
120 25.31 -80.34
Average
St. Error
121 25.36 -80.29
Average
St. Error
122 25.42 -80.31
Average
St. Error
123 25.45 -80.28
Average
St. Error
124 25.47 -80.23
Average
St. Error
125 25.47 -80.28
Average
St. Error
126 25.67 -80.21
Average
St. Error
127 25.63 -80.25
Average
St. Error
128 25.69 -80.23
Average
St. Error
129 25.74 -80.19
Average
St. Error
DO_S DO_B TURB pH TN:TP N:P
6.13 6.15 1.71 N/A 116.93 182.09
0.14 0.15 0.23 N/A 8.48 33.06
6.07 6.07 1.04 8.15 112.58 115.15
0.08 0.09 0.09 0.02 6.94 12.57
6.34 6.39 1.26 N/A 134.71 225.09
0.12 0.12 0.14 N/A 7.08 55.84
6.25 6.26 2.08 N/A 119.83 195.45
0.15 0.15 0.39 N/A 7.58 47.18
6.47 6.45 1.10 N/A 159.60 249.69
0.11 0.13 0.10 N/A 10.23 49.45
6.43 6.39 1.48 N/A 162.46 281.73
0.11 0.15 0.17 N/A 10.01 65.32
6.22 6.27 0.66 8.15 131.89 103.91
0.08 0.09 0.04 0.03 7.89 15.60
6.46 6.50 0.63 8.22 146.96 214.41
0.09 0.09 0.04 0.02 8.10 28.55
6.27 6.27 0.80 8.16 147.89 292.43
0.08 0.08 0.06 0.02 8.86 50.62
6.28 6.31 0.78 8.20 141.55 241.88
0.07 0.07 0.04 0.03 10.60 68.95
6.32 6.24 2.27 N/A 188.96 249.87
0.11 0.11 1.51 N/A 16.27 35.25
6.30 6.29 1.27 8.17 105.29 81.03
0.09 0.09 0.09 0.03 10.17 12.11
6.33 6.41 0.38 8.16 133.41 150.71
0.12 0.13 0.03 0.03 11.61 30.33
6.29 6.46 0.52 8.15 133.74 114.16
0.12 0.14 0.04 0.03 13.54 17.72
6.04 6.08 1.30 8.14 95.68 155.58
0.07 0.08 0.08 0.03 7.65 24.12
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           Appendix IX continued
STA LAT LON
130 25.76 -80.17
Average
St. Error
131 25.80 -80.17
Average
St. Error
132 25.82 -80.17
Average
St. Error
133 25.87 -80.15
Average
St. Error
134 25.91 -80.13
Average
St. Error
135 25.32 -80.32
Average
St. Error
DO_S DO_B TURB pH TN:TP N:P
6.04 6.06 1.75 8.13 83.28 301.07
0.08 0.08 0.23 0.03 6.15 68.57
5.91 5.92 1.42 8.11 74.58 220.64
0.10 0.10 0.08 0.03 5.09 38.96
6.23 6.28 0.85 8.17 77.47 186.66
0.13 0.13 0.06 0.02 5.19 50.41
6.33 6.00 1.71 8.09 62.24 138.43
0.08 0.11 0.15 0.02 4.94 22.98
6.08 6.04 1.22 8.11 61.97 179.81
0.08 0.08 0.07 0.02 4.40 35.47
6.41 6.39 0.40 8.19 121.07 118.07
0.09 0.11 0.04 0.03 7.96 23.12
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           Appendix IX continued
STA LAT LON
101 25.48 -80.32
Average
St. Error
102 25.55 -80.29
Average
St. Error
103 25.57 -80.29
Average
St. Error
104 25.60 -80.22
Average
St. Error
105 25.65 -80.19
Average
St. Error
106 25.63 -80.13
Average
St. Error
107 25.59 -80.10
Average
St. Error
108 25.57 -80.19
Average
St. Error
109 25.56 -80.24
Average
St. Error
110 25.51 -80.29
Average
St. Error
111 25.52 -80.24
Average
St. Error
112 25.49 -80.19
Average
St. Error
113 25.44 -80.22
Average
St. Error
114 25.39 -80.19
Average
St. Error
DIN:TP %SAT_T %SAT_B Si:DIN
56.10 93.98 99.62 20.23
5.85 1.58 2.04 2.42
37.34 96.00 98.62 16.54
4.27 1.69 1.80 1.67
23.78 96.46 97.42 16.12
2.70 1.52 1.58 1.43
6.96 90.68 91.48 12.51
0.55 0.78 0.91 1.28
9.60 90.24 90.19 22.71
0.96 1.05 1.10 5.50
5.53 92.86 93.18 6.13
0.64 1.46 1.32 0.82
4.56 94.39 94.06 1.81
0.58 1.28 1.33 0.23
4.25 91.04 91.26
0.28 1.15 1.18 0.00
8.43 91.66 91.72 16.40
0.96 0.97 0.99 1.33
40.50 93.65 95.35 21.47
5.73 1.10 1.24 2.78
8.14 90.12 90.75 16.64
1.01 1.06 1.19 1.83
5.63 89.47 89.71 9.24
0.78 1.26 1.41
14.19 91.14 91.33 1.61
1.09 0.82 0.91 0.13
5.39 93.57 94.14 1.82
0.72 1.43 1.55 0.03
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           Appendix IX continued
STA LAT LON
115 25.40 -80.24
Average
St. Error
116 25.40 -80.26
Average
St. Error
117 25.39 -80.27
Average
St. Error
118 25.35 -80.26
Average
St. Error
119 25.32 -80.30
Average
St. Error
120 25.31 -80.34
Average
St. Error
121 25.36 -80.29
Average
St. Error
122 25.42 -80.31
Average
St. Error
123 25.45 -80.28
Average
St. Error
124 25.47 -80.23
Average
St. Error
125 25.47 -80.28
Average
St. Error
126 25.67 -80.21
Average
St. Error
127 25.63 -80.25
Average
St. Error
128 25.69 -80.23
Average
St. Error
129 25.74 -80.19
Average
St. Error
DIN:TP %SAT_T %SAT_B Si:DIN
12.50 89.45 89.71 3.52
1.11 1.80 1.85 0.38
10.62 88.23 88.29 2.49
0.88 1.08 1.16 0.23
15.82 91.51 92.32 1.97
1.77 1.56 1.54 0.06
9.65 91.03 91.29
1.01 2.13 1.99 0.00
20.88 92.48 92.90 1.54
2.56 1.19 1.53 0.03
21.94 91.46 91.21 1.87
2.42 1.25 1.92 0.15
11.32 89.61 90.57 3.74
1.02 0.91 1.07 0.37
26.30 91.88 92.67 2.73
3.01 1.06 1.13 0.21
26.15 90.08 90.29 3.55
2.34 0.89 0.98 0.33
13.72 91.65 92.04 4.87
1.02 0.87 0.94 0.57
36.41 89.77 89.06 15.80
4.84 0.96 1.16 1.76
8.45 90.87 91.18 10.53
0.97 1.11 1.11 1.18
11.13 90.45 92.01 4.25
1.44 1.50 1.60 0.35
10.89 89.30 92.11 5.30
1.16 1.41 1.81 0.83
11.45 86.93 88.11 5.36
1.27 0.89 1.07 0.47
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           Appendix IX continued
STA LAT LON
130 25.76 -80.17
Average
St. Error
131 25.80 -80.17
Average
St. Error
132 25.82 -80.17
Average
St. Error
133 25.87 -80.15
Average
St. Error
134 25.91 -80.13
Average
St. Error
135 25.32 -80.32
Average
St. Error
DIN:TP %SAT_T %SAT_B Si:DIN
12.31 87.56 87.88 4.66
1.06 1.00 1.09 0.63
11.32 84.58 84.95 11.03
0.98 1.19 1.27 1.55
8.08 88.15 89.04 17.50
0.71 1.53 1.58 3.03
10.68 89.72 86.45 35.57
0.95 1.01 1.40 6.23
12.11 87.79 88.88 86.09
1.39 1.11 1.06 33.42
11.35 91.70 92.25 41.08
1.39 1.04 1.39 8.99
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Discammina
Reophax
Cyclorbiculina
Hauerina
Planktonic Foraminifera
Cornuspira
Spirolina
Patellina
Spirillina
Sorites
Neoconorbina
Planorbulina
Quinqueloculina
Triloculina
Affinetrina
Miliolinella
Ammonia
Cribroelphidium
Haynesina
Nonion
Neoeponides
Valvulineria
Articulina
Rosalina
Elphidium
Discorbis
Peneroplis
Laevipeneroplis
Valvulina
Androsina
Juvenile Symb-Miliolida
Siphonaperta
Archaias
Pyrgo
Clavulina
Floresina
Nonionoides
Cibicides
Spiroloculina
Bolivina
Brizalina
Glabratella
Monalysidium
Buliminella
Cymbaloporetta
Robertinoides
Fursenkoina
100 80 60 40 20 0
          Appendix X  Cluster analysis of genera present in >5% of the samples 
                
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
